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ADVERTISEMENT. 



The Steam-Engine is so interesting a subject — from 
the extent and variety of its applications^ the great 
power with which it has armed mankind^ the varied 
forms in which it meets us at every tum^ the singular 
ingenuity of its construction^ the beautiful mechanical 
contrivances which it presents^ and the many great' 
laws of nature which it illustrates — ^that there are 
few who do not desire some knowledge of its structure 
and mode of action. 

The present work is designed to furnish to the gen- 
eral reader such an account of this great machine as 
may be easily understood by those who are previously 
unacquainted with the subject. The general laws of 
Hbat and Pneumatics^ on which the action of the 
engine depends^ are fully detailed ; its construction 
and mode of action are minutely explained^ so that, 
with the aid of the figures, it may be readily under- 
stood, even by those who have never seen an engine ; 
and the different forms into which the engine is 
thrown, to fit it for its various applications, are sepa- /. 
rately described. A sketch of its origin and progress C' 
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is given^ as every one must bo desirous to know somc- 
tilKing of the history of an invention, second only 
to that of Printing in the magnitude of the results 
which have flowed from it^ and far surpassing that 
operation in the genius displayed in its conception, 
and the points of interest it offers to the intelligent 
observer. 

It is hoped that this little work may furnish the 
general reader with all that he requires on the subject 
of the Steam-Enginej and enable him^ when he meets 
one, to observe its motions with that interest and en- 
joyment which a knowledge of its structure is calcu- 
lated to impart. The author trusts, also, that it may 
be useful, as an introduction or guide, to smooth the 
path for those who intend to prosecute the study more 
fuUy. 



Since the remarks in the text on the explosion of 
Steam-boilers were printed, two explosions, both at- 
tended with fatal results, have taken place in steam- 
vessels in this country — in the Victoria, at London, 
on the 14th instant ; and, on the same day, in the 
James Gallagher, at Renfrew Ferry, on the Clyde. 
We trust that there will be a thorough investigation 
of the causes of these fatal occurrences. If it be such 
an inquiry as the case demands, in order to elicit 
everything that may aid in preventing such occur- 
rences in future, we can hardly think it will terminate 
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in the usual very satisfactory result^ that no blame can 
' be niiaehed to any party concerned. There must bo ne- 
glect somewhere. Steam is well known to be a good 
servant but a bad master. But it need never be 
master. It is not like a wild untrained animal^ with 
an independent and capricious will of its own^ and 
whose motions cannot be calculated. Steam is far 
more manageable than the best trained and most na- 
turally docile animal. It is called into existence by 
the will of man^ there is no mystery about its action^ 
it is perfectly utider his control^ can be increased or 
diminished in its strength at a moment's warnings and 
there is a perfect knowledge of all the circumstances 
from which variation in its power can arise. Any one 
who has attended to the subject knows^ that a few 
simple contrivances would render explosions impos- 
sible ; and it is disgraceful that such an occurrence 
as the explosion of a steam-boiler should ever take 
place. 

But explosions have occurred^ and are still occur- 
ring. After what has happened^ we think most per- 
sons will feel that adequate securities must be pro- 
vided now ; and that^ to ensure these^ there must be 
a vigilant control by some public authority. There is 
a Dean of Guilds to inspect buildings in towns^ and 
enforce proper repairs^ or even cause houses to be 
pulled down; if regarded as unsafe. There is need of 
a Dean of Guild for the waters ; more especially when 
so dangerous an element as steam is to be guarded 
against. Parliament moves slowly. But^ in most cases, 
local boards may do all that is requisite. Would not 
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this be a fitsubject for the consideration of the Trustees 
on the river Clyde. There are about sixty steam- 
vessels plying on that river ; it was on the Clyde that 
steam-navigation was first established in Great Britain ; 
and it is stUl in advance in the character of its steam- 
ers. It would^ therefore, be not unbecoming in the 
Trustees m that river, to take the lead in adopting 
measures finr giving the public confidence in steam- 
navigation, and placing it on a secure footing, by 
establishing an inspecting board, and a proper set of 
regulations, for steamboats plying within the bounds 
of their jurisdiction. 



Edinburgh, June SO, 1838. 
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INTRODUCTION. 



1. The Steam-Engine is a machine, in which steam 
(the vapour of hoiling water) is used, and of which 
the object is, the production of a force, or moving 
power, by means of which continuous motion may be 
communicated to other bodies — as the wheels of a car- 
riage ; paddles or ears for propelling vessels on water ; 
the rod of a pump for raising water ; grindstones for 
reducing bodies to powder ; machinery for spinning, 
weaving, turning, hammering, boring, communicating 
pressure, &c. 

2. Motion is the general object of all machines ; 
and, in every sort of machinery, there are two parts 
which must be carefully distinguished: — First, The 
machinery which comes into immediate contact witli 
the substance to effect some change upon which is 
the ultimate object of the operation ; second, The 
engine, or machine, which sets that machinery in 
motion. The latter is called the first mother, first 
vtoving power, or prime mover. 

3. In a common turning lathej or in the case of the 

B 
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hand-pump for raising water — in the windmill, or the 
water-wheel for moving a grindstone — the man who. 
hyhis muscular power^ sets the turning lathe in motion, 
or works the handle of the pump-— the vanes of 
THE wiNDifiLLj and the water-wheel — arc the first 
movers. It is in them that the motion commences — 
their ohject heing simply the production of moving 
power, which has to he transmitted from them to the 
machinery which comes into immediate contact with 
the wood to he turned, the water to he raised, or the 
com to he ground. The steam-engine is a first, or 

PRIME MOVER. 

4. In every case of the production of motion by 
machinery, the first mover is simply an engine, or 
machine^ so constructed as to take advantage of some 
natural properties of bodies which are capable of giving 
rise to motion. In describing the steam-engine, then, 
there are two things to be considered : — First, Those 
natural powers resident in bodies by which we can pro- 
cure a force^ or moving power ; second. The machine, 
or engine, by which those powers are made effective 
for the general production of motion. We shall first 
direct our attention to the former — the source and 
mode of action of the natural forces, which^ in the 
steam-engine, give rise to the motion. 

5. Infinitely various as these sources of power may, 
at first sight, appear, and however complex the machin- 
ery by which they are applied so as to produce motion, 
upon analyzing them, it will be found that there are 
only three sources from which we can obtain a force, or 
moving power — Animal Strength, Attraction, and 
Repulsion. 

6. Of these, the first and most obvious, and the only 
one within reach of man in an uncultivated condition, 
is the Muscular Power op Animals, or, as it is fre- 
quently called. Animal Strength. This source of 
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power resides in* the muscles-^long^ fleshy bodies^ of 
a fibrous structure^ fixed at each extremity^ and pos- 
sessed of the property of contracting^ (diminishing in 
lengthy) in obedience to the will of the animal. By 
this contractile power, the more movable of the points 
to which the extremities of the muscle are attached^ 
is made to approach the other. These muscles are 
possessed of great strength^ being capable, as has 
sometimes happened^ of breaking the bone to which 
they are attached. The muscles of the thumb are 
believed to exert a force nearly equal to a weight of 
4000 pounds. We have familiar examples of the ap- 
plication of this power^ in the plough^ carts and car- 
riages^ canal-boats, horse and cattle mills, all set in 
motion, and continued in that state, by the contractile 
power of the muscles of animals. This source of 
power is not made use of in the steam-engine ; but the 
power of an engine is generally estimated by the num- 
ber of horses that would be required to do the same 
work — the first steam-engines having been used chiefly 
as substitutes for horse labour. 

7. The other two sources of moving power are— - 
First, The Attbaction which exists between bodies, 
and tends to make them approach each other; and, 
ncond. The Repulsive Power^ which exists, more or 
less^ in all bodies, and tends to drive their particles 
asunder. These influences are universally diffused 
through bodies^ and are antagonists — t. e., opposed to 
each other in their action. They act with great 
energy^ and both have been used as sources of power 
in the steam-engine. The first is applied in some kinds 
of engines only (now called atmospheric engines) ; 
the latter, either applied directly as a moving power, 
or used to prepare for the action of the attractive 
force^ has been a leading element in the operation of 
erery sort of steam-engine; and^ as steam is the 
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medium through which the repulsive power is intro- 
duced, all are called steam-engines, although the steam 
may not he the direct cause of the motion. At first, 
they were termed fire-engineSy the steam heing formed 
hy the action of fire upon water. 

8. The attractive force was taken advantage of by 
man as a moving power — as in the water-wheel, the 
windmill, the common pump — ^long before the repul- 
sive principle was applied, or even thought of, as a 
source of motion. Now, however, this great power, 
so long overlooked, has almost entirely superseded the 
other ; acting in the form of steam, it is seen every- 
where, and is the prime mover chiefly employed by all 
civilized nations of modern times. 



PART I. 



OF THE PHENOMENA OF ATTRACTION AND 
REPULSION, AND ^THEIR APPLICATION . AS 
MOVING POWERS. 



9. Excluding the vital energy, then, which gives rise 
to mascular motion and all the phenomena of life^ 
there are two great powers which are (one or other, or 
both) concerned in producing all the motions and 
changes which we see going on around us. These are 
Attraction and Repulsion : they are universally dif- 
fused through bodies ; and they are antagonists — t. «., 
opposed to each other in their action. 

10. As the latter. Repulsion, is called into action in 
an unusual degree in bodies which are heated,* while 
its power seems to diminish in proportion as they are 
cooled, it has generally been regarded as identical 
with the influence which gives rise to the phenomena 
of heat. 

b2 
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SECTION I. 

ATTRACTION. 

11. The univeraal influence, Attraction, which ope- 
rates in drawing bodies and the particles of bodies 
together, and retaining them in contact, is of several 
kinds,* of which two chiefly must be attended to in 
the consideration of force, or motion: — First, That 
which forms bodies into coherent masses, acting be- 
tween their minute particles only when in contact, 
(at insensible distances,) called the attraction of cohe^ 
sion, cUtraction of aggregation, or simply cohesion; 
illustrated by the firmness with which the particles of 
a piece of iron or marble adhere to each other : and, 
second, That which brings and retains bodies near to 
each other, acting at sensible or apparent (indeed, at 
all possible) distances, called the attraction of gravi- 
tation, or simply gravity; illustrated by a stone falling 
to the ground when left in the air unsupported. 

12. Probably the phenomena of every kind which 
consist in a drawing together or holding together of 



* We here omit chemical attraction or affinity, electric 
attraction, and magnetic attraction. The first, acting between 
the particles of different bodies, unites them toge^er, gives 
rise to new varieties of bodies, and to the phenomena of com- 
bination and decomposition; but is not a source of visible 
motion. The two latter give rise to distinct motion ; but the 
moving power exerted has hitherto been considered unfit for 
use as a mechanical force, working through too short a dis- 
tance, and not being easily procured. Attempts have lately 
been made, however, to render magnetism efficient for this 
purpose See Mr M'Gaulcy*s paper, read at the Bristol meet- 
ing (1 836) of the British Ajssociation for the Advancement of 
Science* 
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bodies, are the result of one fundamental power. But 
it is convenient to have sub-divisions^ and to make 
distinctions between the different effects produced. 



Chapter I. 

ATTBACTION OF COHESION. 

13. When we attempt to break a piece of wood^ 
stone, glass, ice, or any other solid, we find that its 
particles are firmly bound to each other, and that the 
exertion of a considerable force is necessary before we 
can effect a separation. The force which binds the 
particles so firmly together, and which must be over- 
come by some superior force before we can break the 
solid, is spoken of as the attbaotion of aoqregation, 
or cohesion. 

14. It is particularly to this form of attraction that 
the repulsive influence is opposed, as we see in water, 
which, when cooled, (see note to paragraph 114,) be- 
comes ice, in which cohesion predominates, and the 
particles are firmly bound to each other, so as to form 
a solid ; while the ice, when heated, again becomes 
water, in which the cohesive attraction is neutralized 
or overcome, and the particles are loosened, so as to be 
movable upon each other. 



Application of Attraction of Cohenion as a Moving 

Power. 

15. This force has never been used as a source of 
motion, except, perhaps, in the following remarkable 
instance, in which it was happily applied for that pur- 
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pose : — The walls of a building in Paris had declined 
from the perpendicular^ and were in danger of falling 
outwards^ from the pressure of a heavy roof. By tlic 
following plan^ suggested by M. Molard, they were re- 
stored to the upright position. A number of iron bars 
were stretched across the upper part of the buildings 
passing freely through the walls. The bars were 
heated, in consequence of which they increased in 
length (67), and parts of the bars^ at iirst within the 
walls^ were now exterior to them. In this state, the 
bars werefijced to the walls. They were then allowed 
to cool ; when cooled, they returned to their former 
size, and, being firmly fixed to the walls, necessarily 
pulled them inwards, (towards each other ;) the con- 
traction of the bars taking place gradually, but with 
great force. By repeating this process several times, 
the walls were restored to the perpendicular. Here 
the repulsive influence, repelling the particles of the 
bar, made it longer. When the bar had cooled, some 
power drew the particles back to their former dis- 
tances. This force is considered the same as that 
which binds the particles of a solid so firmly together 
— the attraction of cohesion. 

16. The same means were used to save from destruc- 
tion Armagh Cathedral, the oldest in Ireland, by re- 
storing to the perpendicular the pillars, which were 
considerably inclined, and on the stability of which 
the whole structure depended. These are two very 
interesting and striking illustrations of the applica- 
tion of scientific knowledge to practical purposes, and 
of the truth of the fine shying-^knowledge is power, 

17. Though this force is not, in ordinary cases, 
made use of as a moving power — by giving materials 
rigidity^ and strength, and firmness, so as to bear 
pulls; strains, thrusts, and pressure of every kind 
without yielding, it is an essential clement in giving 
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effect to other moving powers. Cast-iron pillars^ chain 
piers^ iron cables^ steam-engines^ suspension bridges, 
are striking instances of the power of the cohesive 
attraction. See an interesting account, in The Penny 
Magazine for 1836, of the suspension bridge at 
Fribourg. Its great force is well illustrated by the 
following table, shewing the loads required to break 
(t. e,, overcome the cohesion of) a prism, or cylinder, 
of one square inch transverse section, of the following 
bodies, if suspended from them. 







Pounds Avoirdupois. 


Rope, or hempen fibres 




6,400 


Memel fir 


* 


9,540 


Beech 




12,225 


Ash 


• 


. 14,130 


Copper 




19,072 


Cast-iron 


• 


19,096 


£nglish malleable iron 




55,872 


Swedish do. do. 


• 


72,064 


Cast-steel 




134,256 


Chapter II. 





attraction of gravitation, or gravity. 



18. The peculiar feature of those cases of attraction 
whidi are classed under ^'gravity," is, that the substances 
drawn towards each other are at distances apparent to 
our senses ; or, if in contact, yet not so near as to be 
within the sphere of action of the cohesive attrac- 
tion. A stone falling to the ground is an example of 
the attraction of gravitation. It is retained there 
with a certain force, and cannot be lifted without 
applying force : the attraction between the earth and 
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the stone^ is the force which retains it there. But it 
does not stick to the ground in the same way in which 
its particles adhere to each other ; therefore^ although, 
to our sense of vision^ apparently in close contact with 
the ground^ it is not so near as to be within reach of 
the cohesive attraction ; not so close as the particles 
of the stone are to each other. 

19. When a heavy body is suspended by a wire^ its 
ORA vrrv pulls it towards the ground ; causes it to hang 
perpendicularly^ giving it that property of downward 
force which we call weight. The cohesive attraction^ 
binding the particles of wire firmly to each othcr^ 
enables it to support the weight. 

20. This attractive force is found to operate between 
all bodies, at whatever distances; and it acts with a 
force directly proportional to the mass of matter, and 
in inverse proportion to the square of the distance. 
Thus, if the distance be 1, and the attractive force 1 ,, 
(the mast remaining the same,) the following propor- 
tions will hold : — 

DISTANCE. FORCE. 

I . . 1 

-^ 4 

o • • • • 

i . . 9 

35 . • * 7 

3 . . J 

^ • IS 

21. The earth being of a globular form, and so 
enormous a mass (7912 miles in diameter) compared 
with any of the bodies on its surface — in regard to them, 
the earth, though continually in motion, may be looked 
upon as a fixed body, drawing towards its centre, with a 
prodigious force, everything which rests on its surface. 

22. Formerly, this was the great source of motion 
for all sorts of machinery ; and it was procured 
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from the falling of water, which was made to strike 
upon a board at one side of a wheel. Its weight 
and force in fallings pressed this board downwards ; 
and^ by hairing a series of these boards around the 
wheelj a continuous circular motion was procured. 
The motion in the vanes of a wind-mill is also an ex- 
ample of power from the force of gravity. These 
methods have now been almost entirely superseded by 
the steam-engine. It is curious that, when Watt's 
steam-engines first came into use, some of them, instead 
of being applied directly, as now, to work machinery, 
were used to raise water to turn a water-wheel, by 
which the machinery was impelled ; and Papin's 
engine was proposed by him to be applied in a similar 
manner. 

23. This source .of power is not applied in the 
modern steam-engine ; but> in the first forms the 
engine assumed-^as in the engines of Newcomen, 
Savery, Leopold, and even in Watt's first engine 
(single acting)— it was a leading element. There were 
two ways in which it was taken advantage ofi-^First, 
In causing the descent of heavy bodies, as in New- 
comen's, Leopold's, and Watt's first engine; second, 
in producing that constant force, acting on all bodies 
at the earth's surface, which we call atmospheric 
pressure. 

A,-^Pov)er from the Descent of Heavy Bodies, 

S4. In Newcomen's, Leopold's, and Watt's first en- 
gine, this power performed the important^ though 
secondary office, of restoring the parts to the proper 
situation for the exertion of the other or direct 
moving power. Indeed, this can hardly be called a 
source of power (except in the case of a natural fall 
of water) ; for as much force is expended in raising 
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the heavy body to the necessary height as is procured 
hy its fall; so that there can be no gain of moving 
power. 

B. — Jlie Pressure of the Atmosphere, 



Fig. I. 



90 



25. That thin^ lights attenuated^ and invisible body, 
which surrounds the earth on every side^ and which we 
call the air^ or atmosphere^ possesses the same pro- 
perty as other material bodies — that of gravity or 
weight ; and hence exerts a downward force or pres- 
sure on every substance at the surface of the earth ; 
andj though a light body> this force is considerable, as 
the air extends upwards to a height of about forty- 
five or fifty miles. 

26. The amount of this force has 
been estimated with g^eat precision. 
Take a stout glass tube, closed at one 
extremity, and about thirty-three or 
thirty-four inches long, and fill it with 
quicksilver ; then, having the open 
extremity closed by the thumb, a cork, 
or any flat plate, so as to prevent the 
quicksilver escaping — invert it, pla- 
cing the open end under the surface of 
the quicksilver in a vessel containing 
a quantity of this liquid. Now, with- 
draw the substance closing the lower 
end of the tube ; immediately, the 
quicksilver will descend in the tubo, 
leaving a vacant space at the top, 
and will soon become settled at a point 
(a) about thirty inches above the sur- 
face of the quicksilver in the lower 
vessel. The accompanying figure will 
illustrate this experiment. 
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27. Here, the quicksilver in the tube^ contrary to 
the usual action of gravitation^ in causing fluids com> 
municating freely to come to the same levels remains 
considerably elevated above that in the lower vessel. 
There must he some force supporting it in that ele- 
vated situation. This power is the pressure of the 
air. The air is pressing with great force on the sur- 
face of the quicksilver in the lower vessel, and thereby 
tending to push the quicksilver up into the tube. There 
is nothing in the upper part of the tube pressing the 
quicksilver down ; but the column of quicksilver, by 
its weight or force of gravity, is pressing downwards 
upon the quicksilver in the lower vessel, resisting the 
atmospheric pressure, and tending to descend in the^ 
tube, and come to a level with the quicksilver below. 
As these^the atmospheric pressure and gravity of the 
quicksilver — are the only forces acting, they must be 
equally balanced (in equilibrium) when the quicksilver 
has become stationary in the tube, which takes place 
when the column is about thirty inches high. In 
Figure 1., the arrows outside of the tube represent 
the force and direction of the atmospheric pressure, 
whichj from the movability of liquid particles, com- 
municates its pressure to the liquid at the mouth of 
the tube, as shewn by the curved arrows, evidently 
tending to push the liquid upwards into the tube, and 
resist its descent. The arrow within the tube repre- 
sents the gravity of the quicksilver, acting in an oppo- 
site direction. — The amount of atmospheric pressure 
and gravity of the quicksilver, which act at the orifice 
of the tube, where the two forces meet, is that of a 
column of air and one of quicksilver, extending to the 
respective heights of each fluid, and equal, in trans- 
verse section, to the aiea of the orifice of the tube. 

28. We thus ascertain that a column of air, reaching 
from the surface of the earth to the extreme limits of 

c 
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the atmoBpherei exerts the same downwards force as 
(is equal in weight to) a column of quicksilver thirty 
inches high. And if we suppose the horizontal section 
of the orifice of the tuhe to be equal to a square inch^ 
the column of quicksilver would weigh 14.7 avoirdupois 
pounds.* The pressure of the air which balances the 
quicksilver, must be the same in amount ; and, as the 
pressure which is transmitted to the orifice of the tube 
is that of a column of air the same in section, a column 
of air a square inch in section must weigh 14.7 pounds ; 
and the atmosphere must press with that force on every 
square inch of surface. Or, every square inch is as 
much pressed by the air as if, supposing there were no 
air, a weight of 14.7 pounds rested upon it. 

S9. The degree of pressure to which any surface is 
exposed from a gaseous body, is always spoken of by 
stating the amount of pressure on the square inch. A 
force double that of the air is 29.4 pounds per square 
inch ; half that of the air, 7.35 pounds per square inch. 
The term ^^ atmosphere" is sometimes employed to 
denote degrees of pressure — as, a pressure of '^ two 
atmospheres," meaning a pressure double that of the air 
—three atmospheres, ten atmospheres, an atmosphere 
and a half, and so on. To know the total amount of 
pressure exerted by a gas on any body, find the number 
of square inches in the surface on which the gas acts, 
and multiply this number by the pressure on each square 
inch. To find the number of square inches in a circular 
area, multiply the square of the inches in its diameter 
by .7854 ; or, multiply half the circumference by half 
the diameter. The area of a circle is a little more than 
three-fourths, and a little less than four-fifths of the 
square of the diameter. 

30. This instrument, which has just been described, 

* The specific gravity of mercury being reckoned 13.58. 
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(26,) IB the common barometer, which is used to indi- 
cate variations in the pressure of the air ; for, from 
some causes, at present not well understood, its pres- 
sure varies. These variations, however, are within 
small limits, the mercury in this country seldom rising 
higher than'SO.8 inches, or falling lower than 28.1 
inches. Its mean height, at the level of the sea, is 
89.82 inches. The barometer is a useful instrument for 
measuring the force of confined gases or vapours, as 
will be seen afterwards. 

31. The space between the upper surface of the 
mercury (a) and the top of the tube, is called a vacuum 
or void ; meaning thereby an empty space, a space 
containing nothing, or, at least, none of the material 
bodies with which we are at present acquainted. A 
vacuum procured in this manner, is called the Torricel- 
iian tHXctf um->(36.) It is the only perfect vacuum ; 
that of the air-pump and steam-engine not being quite 
free from elastic fluid. 

52. As water is a much lighter fluid than quicksilver, 
it is supported in a tube much higher than the latter 
fluid. A column of water 33.87 feet high is required 
to counterbalance the pressure of the air, and render 
the liquid stationary in the tube. 

53. If, in the tubes described — filled with water to 
the height of 33.87 feet, or mercury for 30 inches — an 
opening be made at the top, so that the air is admitted 
to press on the upper surface of the liquid, as the pres- 
sure of the air communicated from outside the tube, 
and which supported the liquid in that elevated posi- 
tion, t> 71010 balanced by the atmospheric pressure acting 
directly upon the liquid in the tube, and pressing it 
in an opposite direction, the liquid will obey the law 
of gravitation, and descend till it come to the same 
level without and within the tube. 

3i« A good example of the action of atmospheric 
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pressure is seen in the pneumatic trough of the chemist^ 
in which^ by taking advantage of this power, water is 
supported in jars far above the level of the water in 
the trough. The action of the sucker, or moistened 
leather with string, with which boys raise stones for 
amusement, depends on atmospheric pressure, which 
presses the leather to the stone with a force of 14.7 
pounds on every square inch. When the nozzle and 
valve-hole of a pair of bellows are shut, it requires 
very great force to separate the sides, as the atmo- 
sphere presses them together with great force — (102.) 

35. As air is composed of very fine particles, and 
exposed to great pressure at the surface of the earth, 
there is no situation in which it is not to be founds 
insinuating itself into all crevices, however minute, 
and rushing in on all sides, and filling up the vacant 
space, when any body is moved. Or, if it be not itself 
adjoining to the vacant space, it presses the adjacent 
bodies into it — hence the effects of «ucf ion, the syringe, 
the common pump for raising water, &c. There are 
few operations going on at the earth's surface which are 
not, more or less, influenced by atmospheric pressure. 

36. The pressure of the atmosphere was discovered, 
in 1643, by Torricelli, who also invented the baro- 
meter. The air-pump — a machine for withdrawing air 
from a vessel containing that substance — was invented 
by Otto Guerioke, a magistrate of Magdeburg, about 
the year 1650. It will be explained afterwards. 



Application of the Atmospheric Pressure to produce 

Motion, 

37. As every space above the surface of the earth is 
filled with air, or some substance which resists and 
balances its pressure, it cannot be taken advantage of 
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as a moving power until we have procured a vacuum, 
or empty space — into this the air will press with great 
force. 

S8. If we introduce under quicksilver the extremity 
of a tube closed at both ends^ containing no air or 
other substance^ and open one end under the quick- 
silvery the fluid will be pushed up in the tube to that 
height at which the g^vity of the mercury will balance 
the pressure of the air — thirty inches ; or water (had 
that liquid been used) to the height of thirty-three 
feet. If we place a thin plate of glass^ or piece of 
bladder^ air-tight^ on the top of a glass cylinder^ open 
at both ends, and set the cylinder on the plate of an 
ur*pump, with the closed end uppermost, the air, 
though pressing the glass plate downwards with a force 
of 14.7 pounds on every square inch of its surface, 
will nevertheless cause no motion or change, as the air 
in the interior resists and balances this pressure by its 
elasticity (102) ; but, if, by working the air-pump, the 
air be withdrawn from the interior of the cylinder, the 
exterior air will then crush the glass plate, and rush 
with great force into the interior of the cylinder. Or^ 
had there been, in place of the flat piece of glass, a 
piston fitting air-tight to the sides of the cylinder, the 
atmospheric pressure would have forced it gradually 
down, as the air was withdrawn from the interior. 

39. Here is a source of motion ; but how is the air 
to be removed from the interior of the tube or cylinder ? 
this being essential before the atmospheric pressure 
can be applied as a moving power. The process of 
extracting the air by the air-pump requires force, and 
there would therefore be no gain of power by removing 
the air in that way. 

40. Take a glass flask with a long neck, and, having 
put a little spirit'Of wine in it, make the liquid boil, by 
holding it for a short time over a fire or spirit lamp. 

c2 
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\Vlien the liquid is boiling briskly^ having the hand 
protected by a thick glove, take the flask and invert it 
quickly, dipping the mouth under cold water. Imme- 
diately the water will be forced up with great violence 
into the flask ; and it may even be forced out of the 
hand, if the experiment be performed smartly, and the 
flask be not held very Arm. In this experiment, the 
vapour arising from the boiling liquid gradually ex- 
pelled the air from the flask, the vapour resisting the 
pressure of the air at the mouth of the flask. But 
when the flask was removed from the heat, and the 
vapour brought into contact with the cold water, it 
was rapidly condensed — (returned to the liquid state.) 
A sort of vacuum was thus formed in the flask, little 
resistance was offered to the entrance of any substance, 
and the atmospheric pressure forced the liquid up into 
the body of the flask. 

41. Here is a gain of moving power from the atmo- 
spheric pressure; and thisexperiment is an exact repre- 
sentation of one part of Savery's steam-engine. Indeed, 
it is said that this experiment, performed by Savery 
with a little wine in a flask — accidentally suggested 
to him, from having thrown the flask on a Are, and 
seen the vapour issuing from its mouth — led him to the 
construction of his steam-engine. The same principle 
formed a leading feature in Newcomen s, or the atmo- 
spheric engine ; the air being expelled by vapour from 
a cylinder having a piston working in it, the vapour 
being condensed, and the piston being then pressed 
down by the atmospheric pressure on its upper sur- 
face. Ihe latter contrivance was flrst suggested by 
Papin. 

42. It is this power (atmospheric pressure) that 
turns the vanes of the windmill, that has been proposed 
to be applied to the purpose of locomotion in the 
" pneumatic railway," and that raises the water in the 
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common pump. Wind — the source of the movintj^ power 
in the windmill — is produced by the air rushing into 
spaces where the resistance of the air previously occu- 
pying these spaces has been diminished by the effects 
of heat — (101.) In the common pump^ the air is 
withdrawn from a tube dipping into the water to be 
raised^ when the atmospheric pressure on the water 
exteriorly pushes it up into the tube^ from which it is 
lifted by the piston working air-tight in the tube ; and^ 
as it ascends^ fresh quantities of water rise. In the 
lately-proposed pneumatic railway^ the air is with- 
drawn from a tube on one side of a piston^ while the 
atmospheric is freely admitted to press on the other 
side — thus motion is produced in the piston^ to which 
the carriage is attached. 



SECTION II. 

REPULSION. 

43. All substances contain^ or have the power of 
producing a peculiar principle^ which^ applied to our 
bodies, excites the sensation called heat or warmth. 
The term '^ Heat" is used to express the sensation, 
and also the influence or substance (if it be a sub- 
stance) which causes the sensation, the context shew- 
ing in which sense it is applied. To express the latter 
solely— the something which, coming from a fire to a 
person near it, causes the feeling of warmth — the term 
CAI.ORIC is sometimes used. 

44. Caloric has the power of producing certain effects 
on bodies. When any substance has this power in a 
great degree, (as a red-hot iron,) it is said to be at a 
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high temperature ; at a low temperature, when in the 
reverse state^ (as a piece of ice ;) and the terms^ rise 
and fall of temperature^ are used in a corresponding 
sense. 

45. Caloric has the power of moving about among 
bodies^ and always tends to an equilibrium. Bodies at 
different temperatures, placed in contact or near each 
other, soon come to the same temperature, the warmer 
bodies losing heat which the colder ones gain. The 
particles of heat are highly repulsive of each other^ so 
that they fly off with rapidity from any body in which 
they are accumulated in considerable quantity ; but 
they have a great attraction for the particles of all 
other bodies^ and enter rapidly into any body deficient 
in heat. This is well seen^ when a hot iron^ or vessel 
of hot water^ is placed near several other bodite at 
lower temperatures. 

46. Coldness in any body does not arise from the 
total absence of heat^ or the presence of a peculiar 
principle of an opposite nature^ but simply from its 
containingcomparatively little heat^ so that it abstracts 
heat rapidly from other bodies. A cold substance 
applied to the skin takes away heat-— a warm one com- 
municates heat. 

47. Equality of temperature would soon be esta- 
blished over the globe^ from this tendency of heat to 
an equilibrium^ but for three causes i^-^First, The 
sources of heat*— whether natural^ as the sun's rays^ 
subterraneous heat^ or artificial, as combustion — are 
unequaUy distributed and applied ; second, Wliile the 
passage of heat through bodies is not instantaneous, 
but requires time, they differ in the rate at which they 
transmit heat through them ; and, third, Bodies differ 
in their powers of absorbing heat, and also in the de- 
gree in which their temperatures are affected by it. 
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Chapter I. 



MANNER IN WHICH HEAT SPREADS. 



48. Heat passes amoDg bodies in two ways. First, 
All bodies throw out (^radiate) heat from their surfaces 
in straight lines^ like radii from the centre of a circle. 
This mode of transmission of heat is called Radiation. 
The radiated heat moves in straight lines^ till it strikes 
on some other body^ when^ according to the surface on 
which it strikes^ it is absorbed and warms the body^ or 
bounds off (is reflected) like a ball thrown upon a wall — 
obeying the same laws of reflection as light and sound. 
Those bodies radiate heat fastest^ and^ of course^ 
(other things being equals) cool soonest, whose surfaces 
are dark^ and of a rough and porous texture. Those 
surfaces which are bright^ of a light colour, resplendent, 
and highly polished — as tin-plate, polished gold, brass, 
or silver — radiate heat slowly, and hence retain their 
heat long. Again, those surfaces which radiate heat 
fastest^ absorb the greatest quantities of radiated 
heat ; those which radiate slowest, throw off (reflect) 
the greater part of the radiated heat which falls upon 
them. The following table shews the comparative 

Sowers of various surfaces in radiating and reflecting 
eat. 
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Radiating Powen. 




Reflecting Powen. 




liAmp-black 


100 


Brass 


100 


Water 


. 100 


Silver .... 


90 


Writing Paper . 


98 


TinFoa . 


85 


Bonn 


. 90 


Block Tin . 


80 


Sealing Wax . 


95 


Steel .... 


70 


Crown Glass . 


. 90 


Lead «... 


GO 


loe • • • , 


85 


Tin FoO, softened by 




Phunbago 


. 75 


Mercury • 


10 


Tarnished Lead 


45 


Glass . • 


10 


HercoTY 
Clean Lead 


. 20 
19 


Glass, coated with wax 
oroQ . 


5 


Iron, polished 


. 16 






Tin Plate . . 


12 






Gold, Silver, Copper 


. 12 







49. A polished surface of silver, if the metal were 
warm, would lose little heat by radiation, and would 
throw off the greater part of any radiant heat which 
might fall upon it. If covered with a coating of 
lamp-black, (by smoking it with the soot from an oil 
lamp or candle,) the metal would lose a great deal 
of its heat by radiation, and would absorb the greater 
part of the radiant heat which fell upon it. The ap- 
plication of these principles to preserve bodies warm 
or cool, and to the economizing of heat, is obvious. 
The cyUnder of a steam-engine i^ould be brightly po- 
lished, that it may lose little heat by radiation. Tubes 
containing steam, water, or heated air, for heating 
apartments, should be rough, dark, and porous in 
the apartment where it is intended that they should 
give out their heat ; but bright and polished before 
they reach that place. 

50. Second, Heat also passes from bodies by another 
mode. ^Vlien a poker is put in the fire, the end out of 
the fire soon becomes warm ; this is by the transmission 
of heat through its substance from particle to particle. 
In the same way in which heat travels along the par- 
ticles of the same body, it can pass between two bodies 
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io contact. The transmission of heat in this way is 
called CONDUCTION. 

51. Bodies vary much in their powers of conducting 
heat— some transmitting it with great celerity^ while 
others give it a very slow passage through them. Place 
a rod of wood and one of iron in a fire. The end of 
the iron rod not in the fire will he very hot long be- 
fore the similar end of the wooden rod feels sensibly 
warm. The following table shews the comparative 
conducting powers of several bodies. 



Gold 


1000 


Tm. 


303 


Platinum . 


. 981 


Lead . 


. 179 


SQver 


973 


Marble 


23 


Copper 


. 898 


Porcelain 


. 12 


Iron . 


374 


Brick earth , . 


11 


Zinc . 


. 363 







The powers of bodies in conducting heat^ appear 
nearly in proportion to their densities. Loose^ spongy 
subatances— as fur^ straw, cotton, silk, wool — are ex- 
tremely slow conductors. Bad conductors take a 
long time to get heated, but lose their heat slowly, 
and henee are useful for confining heat, or excluding 
heat. Good conductors get quickly heated, and cool 
quickly. There are many interesting applications of 
our knowledge of these differences in bodies, as cloth- 
ing, lining for furnaces, ice-houses, &c. 

52. Liquids and gases, whose particles are loose, and 
move freely on each other, transmit heat through their 
tubeiance in the same manner as solids — but with ex- 
treme slowness, if the heat be applied at the upper 
part of the fluid. But they have another and very 
rapid way of conveying heat, if the heat be applied be- 
low. The heated particles rise ; cold particles from 
above descend and take their place ; these in their 
tum^ become heated and ascend ; colder particles de- 
scend—and thus a set of cold descending and warm 
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ascending currents is established^ which continues till 
the whole fluid comes to one temperature. Heat^ en- 
tering into a fluid, causes it to become larger, and, of 
course lighter ; and the cold and heavier particles 
above, necessarily descend and push the warm particles 
upwards; and thus the whole of the fluid is quickly 
heated — not by the transmission of heat from particle 
to particle, as in solids — but by the successive appli- 
cation of every part of it directly to the source of the 
heat. Whenever a fluid is heated currents ensue. Hence 
the wind (42) ; hence the removal of the warm and 
foul air expired from the lungs of animals, and the 
supply of fresh air to support their respiration ; hence 
the removal of the noxious air formed by burning 
bodies, and the supply of pure air to keep up the com- 
bustion ; hence ventilation — the most perfect method 
of which yet devised (that introduced into the House 
of Commons by Dr D. B. Reid) consists simply in 
enmring a current by a strong Are in a tall chimney, 
and having the room ventilated in the course of the 
current of fresh air which rushes to the Are in the 
chimney. 

Chapter II. 

EFFECTS OF HEAT. 

53. ^Vlien heat enters a body, it makes it larger.* 
It penetrates through its entire substance, and, re- 
pelling its particles from each other, their distances 
are increased, and the body is enlarged in bulk. This 
effect is termed expansion. When heat leaves any 

* There is no real exception to this general rule. Some 
bodies — as ice, iron, antimony, zinc, bismuth — diminish in bulk 
when they melt, from losing their crystalline form. 
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hody, its particles approach to each other, and its bulk 
is dimini^ed — an effect termed contraction. When 
solids are sufficiently heated, they melt, or become 
liquid — a process termed liquefaction ; and whe.i li- 
quids are heated to a great degree, they become 
gaseous^ like steam or the air — to which change the 
term vapohization is applied. It is, simply, a very 
great degree of expansion, but attended by a change 
in form. Liquids become solid again (congeal J and 
vapours turn liquid (condense,) when they are cooled 
sufficiently. Heat also appears to be the cause of the 
elastic poweb which aerial bodies possess at all tem- 
peratures, however low. 



Chapter III. 



expansion. 



54. This may be illustrated by a 
very simple experiment. Take a 
common glass flask, about half full 
of water^ which may be coloured to 
be better seen, and invert it in a 
vessel of water, the open mouth of 
the flask being a little under the sur- 
face of the water, as seen in the ad- 
joining cut. Then pour hot water 
on the flask. The heat from the 
water will enter the cold glass, and 
from it will pass to the air occupy- 
ing the upper part of the flask. The ^_^ 
air thus heated will expand (in- j=Z!IL» 



Fig. 2. 




crease in bulk,) and, to And room for itself in this en- 
larged condition, press on the water in the flask, and 
cause it to descend in the neck of the flask. If the 
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heat be great, and the quantity of water in the flask 
flmall, the liquid will be forced entirely out of the flask, 
and perhaps also some bubbles of the air may be ex- 
pelled. Or if, when the air has been expanded to any 
bulk, its temperature be then kept stationary, it will 
remain at that bulk as long as it continues of the same 
temperature ; and the same is true of liquids and solids. 

65. Here is a force or moving power procured by 
heating a gaseous body. This is the source of motion 
in an engine lately invented by Mr Ericcson, which he 
has called the Caloric Engine — the heated air pressing 
a piston in a cylinder, as in the steam-engine. 

66. Take a glass tube, closed and expanded into a 
bulb at one end, the other being open ; fill the bulb 
and part of the tube with spirit of wine, which may be 
coloured with cudbear, that the experiment may be 
well seen ; plunge the bulb in hot water ; the heat, 
expanding the liquid in the bulb, will cause it to press 
up the liquid in the stem, in which it will be seen gra- 
dually rising. 

57. Take an iron rod 
(as in Fig. 3) of such 
length that, when cold, it 
will enter between two 
projections at the ends of 
an iron bar, and of such 
diameter as to enter close- 
ly a circular hole in the 
bar; heat the iron rod to a 
red heat ; it will now have 
increased in length, so 
that it cannot be made to enter between the two pro- 
jections ; and its diameter will be enlarged, so that it 
is too thick to pass through the hole. 

58. Had the iron rod been immovably fixed at one 
end, and a movable body placed in contact with the 
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other extremity, the rod, when heated, would have 
pushed the movable body aside, to a distance corre- 
^nding to its own increase in length, a moving power 
being thus obtained. The force with which this ex- 
panrion takes place, is very great, equal to the force 
with which it would contract on cooling. Had the 
rod been immovably fixed at both ends, it would have 
become bent, to adapt itself to its expanded condition. 
These effects are often seen in structures where me- 
tals are used, and particularly in iron work about fire 
places, where allowances have not been made for al- 
terations of temperature, in the bending of the bars or 
disjointing of the stone or brick work to which they 
are fixed. In laying railway bars, allowances must be 
made for expansion and contraction attending altera^ 
tions of temperature. 

59. This enlarged condition of bodies remains while 
the caloric which caused it remains ; when this leaves 
them, they return to their former size, the cohesive 
attraction taking greater effect in proportion as the 
repulsive influence is withdrawn. Plunge into cold 
water the heated rod, or the bulb with the liquid in its 
expanded state ; both will return to their former di- 
mensions—the liquid will sink in the tube, and the 
rod will now pass through the hole and enter between 
the ends of the bar. Place the bulb of the tube, when 
at the ordinary temperature of the atmosphere, in a 
freezing mixture, which will withdraw much heat from 
the liquid ; a contraction will ensue, as will be indica- 
ted by the sinking of the liquid in the stem. 

60. In these cases, we see the opposing action of the 
cohesive and repulsive powers. The former was over- 
come to a certain extent by the heat when the bodies 
were expanded, but resumed its influence, and drew 
the particles back to their former distances, when de- 
prived of the heat which caused the expansion. 
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Gl. The heated gas also^ (^^3) when cooled^ returns 
to its former volume^ and the liquid ascends in the 
flask. It is more correct to say, that, as the heat 
leaves the gas^ the liquid, forced up by the atmos- 
pheric pressure, ascends and compresses the gas to its 
previous dimensions. Gases are considered to have 
no cohesive attraction, their particles being at such dis- 
tances as to be without the sphere of this influence ; 
a fid they do not diminish in volume, except from the 
fiction o/fome external force upon them. This will 
be better understood after the perusal of Chapter IV. 
of this section, on the elasticity of gaseous bodies. 



The Thermometer, 

62. As expansion is the invariable effect of heating 
bodies, and a proportionate contraction ensues when 
they are cooled, the bulk of a body at any time is in 
proportion to its temperature at that time ; and we 
may estimate its temperature by measuring its bulk. 
And, as two bodies always come to the same temper- 
ature by being for a short time in contact, or near 
each other, (4>5,) we may use one body as an instru- 
ment for taking temperatures ; — having the means of 
measuring the bulk of this body, we know its tempera- 
ture, and the temperature of any substance to which it 
is for a short time applied. Hence the Tiiermosii:;tbr. 

63. This instrument consists of a glass tube similar 
to that mentioned in par. 56, but closed at the upper 
extremity, and having the bulb and a part of the stem 
filled with quicksilver or coloured spirit of wine — the 
substance the expansion or contraction of which is to 
be noted. There is a graduated scale attached to the 
tube, by which the height (and thereby the bulk) of 
the liquid is indicated. 
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64. The bulb is applied to the body of which the 
temperature is required. If it be warmer than the 
thermometer^ heat will pass to the latter^ and cause ex- 
pansion in the liquid ; and when they come to the same 
temperature^ the liquid will become stationary. The 
bulk now occupied by the liquid, indicates its temper- 
ature, that indicating the temperature of the body to 
which it was applied. If the body be colder than the 
thermometer^ heat passes to it from the latter, when 
the liquid contracts, and sinks in the stem till they 
come to the same temperature. The diminished bulk 
of the liquid indicates its temperature, and that of the 
body which caused the contraction. Thus this use- 
ful instrument shews the comparative temperatures 
of bodies. 

65. It is necessary, in speaking of different tem- 
peratures, that there be some fixed points or standards 
of reference, by which different degrees of temperature 
may be compared ; so that, when any particular tem- 
perature is spoken of, it may be known precisely what 
is meant. Very convenient fixed points for this pur- 
.pose are found in the temperature at which water 
freezes, (or, which is the same, that of melting snow 
or ice,) and that at which it boils. 

66. If a thermometer be placed in a vessel contain- 
ing a quantity of snow and water, or in the water 
flowing from melting snow or ice, and the height of 
the liquid marked, it will be found to stand at that 
point as long as any snow remains unmelted (if kept 
near the snow ;) and at whatever time or place the 
experiment be made, the liquid in that thermometer 
will always stand at the same point. 

67. If the same thermometer be placed in boiling 
water, the liquid will rise in the stem until it reaches 
a certain point. There it will remain as long as the 
thermometer is kept in the boiling water; and at 

D 2 
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whatever time or place the same experiment be per- 
formed with the same thermometer^ the liquid will 
stand at the same point as before.* If the same ex- 
periments be performed with any other thermometer^ 
the same uniformity of temperature will be found in 
these two operations — the melting of ice or snow^ and 
boiling of water. As the thermometer, when placed 
in water freezings stands at the same point as in ice or 
snow meltings this point is called thejreezing point ; 
the other is termed the boiling point, 

68. Here, then, are two constant degrees of temper- 
ature, two fixed points, easily ascertained, and to 
which reference can be made for comparing different 
temperatures. These are now universally adopted for 
thermometers ; and the scale of degrees is numbered in 
the following manner. 

69. On the scale at the side of the thermometer 
tube, the freezing and boiling points are marked. The 
space between them is then divided into a certain 
number of equal parts, called " degrees." In the ther- 
mometer in general use in this country, (Fahrenheit's,) 
this space is divided into 180 degrees. To indicate 
higher and lower temperatures, the scale above and 
below these points is divided into degrees similar to 
those between the two fixed points. Fahrenheit 
imagined that the most intense cold which could be 
produced was when the liquid in the thermometer stood 
32 degrees below the freezing point ; accordingly, he 
numbered the degrees from the supposed point of 
greatest cold, calling it Zero. Thus, the number 32 
is opposite to the freezing point, and 212 (180 -f- 32) 
opposite to the boiling point. 32 is familiarly known 
as the freezing point ; 212 as the boiling point. For 

* Not strictly true ; the cause and extent of the variation, 
which is slight under ordinary circumstances, will be ex- 
plained afterwards. 
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the numbers below zero, the sign — (minus) is used. 
Thus, — 10 (minus 10) signifies 10*^ below zero, or 42^ 
below the freezing point. 

70. In the Centigrade thermometer, much used on the 
Continent, a better division is adopted. The degrees 
are numbered from the freezing point, and the space 
between it and the boUing point is divided into 100° ; 
the boiling point being thus 100. One degree in the 
Centigrade thermometer is equivalent to 1.8 or 1 j of a 
degree in Fahrenheit's thermometer. In Reaumur's, 
used in some parts of the Continent, the distance 
between the freezing and boiling points is divided 
into 80% and the scale commences at the freezing 
point, 

71. As the degrees are equal to each other, and an 
equal increase of temperature causes an equal expan- 
sion^ it will cause the liquid to ascend through an 
equal number of degrees ; and different thermometers 
wiU give the same indications with the same temper- 
ature, however different the distances between the 
two fixed points and size of the degrees ; for that dis< 
tance is divided into the same number of degrees in 
all; so that, in all, the proportion of the degree to the 
bulk of the liquid and to the distance between the fixed 
points, is the same. The greater, however, the mass 
of matter in the thermometer to be heated or cooled, 
the longer time it requires to take up the temperature 
of the body to which it is applied. 

72. The spirit-of-wine thermometer is used for low 
temperatures, as this liquid has never been frozen. It 
cannot be used for temperatures above 174% as it 
boils at that temperature. The mercurial thermome- 
ter is used for considerably elevated temperatures, as 
quicksilver does not boil till 656'^. It cannot be used 
for temperatures below 39'^, as it freezes at that point, 
then contracting at a different rate. 
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Hate of Expantion in Bodies, 

73. The following table exhibits the amount of ex- 
pansion in different bodies^ when heated from the 
freezing point of water (32^) to the boiling point 
(212^.) 

Elongation of Bars, Bods, or Wires. 



MJ^WnA ... 

Silver 


. l-524th. 


Copper 


1.58l8t. 


Brass . 


. l-532d. 


Gold 


l-602d. 


Iron wire 


. 1.812th. 


Bar iron 


l-819th. 


Hard steel . 


. l-927th. 


Platinum 


1-1 167th. 


Flint glass . 


. 1.1248th. 

11 . ..^^i^^ « 



74. A bar of lead 351 inches long at 32^^ becomes 
352 inches at 212^. Besides this increase in lengthy it 
increases in breadth and thickness. To find the total 
expansion^ place 3 as the numerator of the above frac- 
tions^ or^ retaining the same numerator^ divide the de- 
nominator by 3. 

75. The expansion of the following liquids, heated 
through the same range^ (32^ to 212®) is seen below. 
The expansion in bulk^ or total expansion^ is stated. 
The two first are taken from different points; as spirit 
of wine boils at 174®^ and oil freezes about 36®. 

Spirit of wine (d"" to 174'') . ].9th. 

IVhale oil (60® to 2iy) . . 1-1 Ith. 

Oil of turpentine . . l-14th. 

Water l-22d. 

Quicksilver .... 1.55th. 

76. All gases and vapours expand equally through 
the same range of temperature. Their expansion is 
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very great. 1000 volumes of any gas at 32°, be- 
come 1375 volumes at 212"^ — expanding 3-8ths, or 
l-480th for every rise in temperature of one degree of 
Fahrenheit. 

77. Thu8^ in expanding bodies, heat produces the 
least effect upon solids^ a greater effect on liquids, 
but has a still greater expansive power in gases. Also, 
while all gases undergo the same expansion from an 
equal increase of temperature, it is very different with 
solids and liquids; the same rise in temperature 
causes different degrees of expansion in different solids 
and liquids. 

78. The reasons for these peculiarities, are the 
differences in the strength of the cohesive attrac- 
tion in solids and in liquids, and the absence of it in 
gases. In expanding solids, heat is resisted by the 
cohesive force, which is strong in them — ^hence it 
produces a small effect. The particles of liquids are 
less firmly bound by cohesion, and the same increase 
of heat, having less cohesion to overcome, produces a 
greater expanding effect than in solids. . The cohesive 
force appears to be entirely suspended in gases ; heat 
is not resisted in its expanding power, and a great 
increase in bulk is produced by a small rise in tem- 
perature. The cohesive force being different in solids, 
and also among liquids, each opposes a different degree 
of force to the efforts of heat to expand them. Hence 
the unequal expansion of solids and of liquids through 
the same range of temperature. In gases, where 
this force is absent, the same increase of heat pro- 
duces the same expansion in all. 
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Chapter IV. 

OP THE ELASncmr OP GASEOUS BODIES. 

79. We hare seen that the expansion of gases^ when 
heated, is a source of moving power. But gases in 
their ordinary state^ at all times, exert a force or pres- 
sure on the surrounding hodies. Every gas or vapour 
contains within itself a source of expansion, and hence 
of moving power, which is prevented from acting and 
producing motion, only by some other force which 
compresses the gas, and thus resists its action. Every 
gas or vapour is similar in its nature to a compressed 
or wound up spring. Its particles are constantly 
pressing outwards on each other, and upon the bodies 
around them, and the gas is continuaUy endeavouring 
to swell out in all directions, and occupy a larger space. 
This power of gaseous bodies is termed their elasticity, 
elastic power , or elastic force, 

80. This property of gases, which is peculiar to them 
-^liquids and solids not possessing any such power-* 
niost probably arises from the distances of their parti- 
cles, which are thus without the sphere of the cohesive 
attraction^ so that no resistance is offered to the repuls- 
ive power of the great quantity of heat they contain, 
which is constantly exerting upon them its usual 
action — that of repelling their particles asunder. 
Hence, the consideration of this elastic power of gases 
has been placed beside the other phenomena of heat. 

81. Place a rather flaccid bladder in the receiver of 
an air-pump, and withdraw the air from the interior 
of the receiver ; the air in the bladder will expand in 
proportion as the pressure upon it (from the surround- 
ing air in the receiver) is diminished by the withdraw. 
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lug of the air ; the bladder will swell, become full and 
distended, and even be burst by the expansion of the 
contained air, if the vacuum be very complete, or the 
bladder have been nearly full of air. 

82. In the adjoining figure, 
(Fig, ^,) shewing the section of a 
cylinder, with a piston moving 
freely, but air-tight, if the space 
in the cylinder below the piston a.. 
were filled with lead, or iron^ or 
any other solid, and the piston ^ " 
were raised, the solid would re- a -- 
main in exactly the same situa- 
tion as before, being retained by ^ '" 
the force of gravity and the cohe- 
sion of its particles; and the space 
between the solid and the lower surface of the piston 
would be a vacuum. With a liquid in the place of the 
8olid> the same would take place ; the liquid would 
remain if the piston were raised.* 

ftS. Bat if the space below the piston had been occu- 
pied by any gas or vapour, then, on elevating the pis- 
ton, the gaseous body would follow it ; there would be no 
muiuum ; the gas would expand and be equally diffused 
through the whole space between the lower surface of the 
piston and bottom of the cylinder. 

84. This elastic force of gaseous bodies is resisted 
by the pressure to which they are exposed ; and, there- 
fore, these forces must be equal to each other in any 
gas which is in a quiescent state. Thus, in an appara- 
tus such as Fig, 4 represents, if the piston be at rest 
at some distance from the bottom, it is clear that the 

* A little vapour would rise from volatile liquids, as ether, 
spirit of wine, water, and be diffased through the space 
between the piston and the snr&ce of the liquid ; but the moss 
of the liquid would remain in its previous situation. 
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gas confined below the piston is pressing it upwards 
(the resistance from friction being disregarded) with 
a force exactly equal to that with which the piston 
tends downwards from its own weighty and that of any 
bodies resting upon it. In Fig. 4^ if the piston be at 
rest in the situation a % and the force with which it 
tends to descend be equal to a weight of ten pounds, 
then the force with which the gas below presses 
upwards on the piston, is equal to the weight of ten 
pounds. Hence, then, the elastic force of a gas is 
exactly equal to the force by which it is confined. 

85. If the piston have now additional weights equal 
to ten pounds laid upon it, it will descend till the gas 
occupies only half the space through which it was at 
first extended ; then (at a 1) it will remain at rest. 
Here, while the gas is diminished in bulk to one-half, 
the force with which it presses the piston upwards is 
doubled, for it now supports a weight of twenty pounds. 
When a given quantity of a gas is diminished in hulk, 
its density or specific gravity is increased. In this case, 
the density has been doubled, at the same time that it 
supports a double force. Hence, then, the elastic force 
of a gas is in direct proportion to its density, and 
inverse proportion to its bulk — that is, its elastic force 
increases in the same proportion in which its density 
is increased, or its bulk diminished. 

86. This important general proposition might also 
be illustrated in the following ways. 

87. If five pounds had been taken o£P the piston 
while at rest in the situation a 2, it would be forced 
up by the elasticity of the gas to the situation a 4. 
Here, while the volume of the gas is doubled, its den- 
sity and elastic force are diminished to one-half, for it 
is now diffused through twice the space, and supports 
only half the weight. 

88. If one half of the gas had been withdrawn while 
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the piston was in the position a 2, and its weight equal 
to ten pounds^ the density of the gas being thereby 
reduced one-half, its elastic force would be reduced in 
the same proportion^ and the piston would descend to 
a 1. In this situation^ the density of the gas is now 
the same as before any was withdrawn^ and the force 
it now exerts against the piston is also the same. 

89. If, instead of withdrawing gas^ a quantity were 
forced in equal to what was there before^ the piston 
(still loaded to tbe amount of ten pounds) would be 
forced up to the situation a 4. Twice the quantity of 
gas being diffused through twice the space^ its density 
remains the same^ and therefore its elastic force would 
also be the same^ or equal to a force of ten pounds 
pressing the piston upwards. 

90. If^ when this additional quantity was forced in, 
the piston were loaded with an additional weight of 
ten ponndsy it would have remained at a 2. The dens- 
ity of the gas being double^ its elastic force is double^ 
and it resists a double compressing force. 

91. In all these cases^ we have supposed the pres- 
sure downwards on the piston to be entirely within our 
control, disregarding the atmospheric pressure^ which 
would constantly press tbe piston downwards^ with a 
force equal to a weight of 14.7 pounds on every square 
inch of its surface. For performing the experiment, 
the friction and atmospheric pressure might be neu- 
tralised by a counterpoise, attached to the piston by a 
cord passing over a pulley. 

92. The following table will illustrate this general 
law of the constitution of gaseous bodies. Let the 
volume and elastic force of any given quantity of a 
gaseous body be represented each by the number 1 , 
while the density is 1. With alterations of the den- 
sity, the following will be the corresponding altera- 
tions of the volume and elastic force. 
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Density. 

1 . 

2 . 

3 , 
10 , 



Volume. 



Elastic Force. 



\ 



• • in 

. . 2 
. . 4. 



2 
3 

10 

i 

1 

4 



This relation between the density and elasticity of 
aerial bodies, is known by the name of *' the law of 
Marriotte/' that philosopher having pointed it out. 
Till lately, it was supposed not to apply in high pres- 
sures; but, from the experiments of Oersted, who 
tried it with pressures so great as 1 10 atmospheres, it 
is now considered to be universal. 

93. It is to be understood as a condition in the pre- 
ceding experiments, that the temperature is the same 
in all. Any increase in temperature increases the 
elastic force (54,) while this is diminished in a cor- 
responding degree by a reduction of temperature. In 
any gaseous body, temperature and density remaining 
the same, the elastic force is also the same ; and any 
change in either determines a corresponding change 
in the elastic force. 

94>. As gaseous bodies are thus capable of being 
drawn out by relieving them from pressure, and com- 
pressed by increasing the pressure, they are frequently 
termed eiastic fluids, in opposition to liquids, which 
possess this property in a very slight degree. Water 
was for a long time supposed to be incompressible— it 
is almost so ; its diminution in volume being only 51.3 
millionths (about l-20,000th) for every atmosphere 
of pressure, as deterpiined by the experiments of 
Oersted and others. 

95. It must be observed that this elastic force of a 
gas is totally different from its weight or gravity, and 
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in effect much greater. A hundred cubic inches of air 
weigh only 31.01 17 grains : a column of atmosphere of 
one square inch transverse section^ has only a down- 
wards force of 14.7 pounds. The pressure from its 
weight is thus comparatively small ; but its elasticity 
is so great as to bear without yielding, at the surface 
of the earthy a pressure of 14*7 pounds on every square 
inch^ namely^ the weight of the superincumbent at- 
mosphere. — The atmospheric pressure would force 14.7 
pounds of mercury (30 cubic inches) into a tube of one 
square inch transverse section from which the air had 
been previously exhausted^ on opening it under mer- 
cury (38.) Supposing the tube to be about 33 inches 
high, about 10 grain* weight of air in it would com- 
pkteljf resist this atmospheric pressure, and prevent the 
mercurg/rom entering. Here^ the elastic force of this 
trifling quantity of air balances the force produced by 
the weight of a whole column of atmosphere of the 
same area. And any quantity of air, however minute, 
introduced into the space above the mercury in the 
barometer tube, would, by its elasticity, exert a cer- 
tain influence in resisting the atmospheric pressure, 
and depress the liquid in the tube. 

96. Hence an important application of the barome- 
ter. If the space above the mercury in a barometer 
tnbe communicate with a vessel containing any gaseous 
body, we can ascertain the elastic force of that body. 
It will dep^ss the mercury in the tube, and, by noting 
the difference between the height of the mercury in 
this tube, and its height in another having no gaseous 
fluid above the mexcury (the common barometer,) this 
difference will express the elastic power of the gas 
pressing on the upper surface of the mercury. For 
every inch of difference, we may allow 0.49 pounds 
(3,430 grains) of pressure on the square inch to the gas 
which depresses the quicksilver. Thus, if the differ- 
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ence were four inches^ the elastic force of the gas fs 
1.96 pounds on the square inch. In this manner, the 
barometer is used in the common air-pump, and in the 
condenser of the steam-engine. 

97. On the other hand, if the gas be of an elastic 
force greater than the atmospheric pressure, the baro^ 
meter is made in the form of an U, (see Fig. 15,) one 
end communicating with the gas, the elasticity of 
which is to be measured, the other being open, and of 
course exposed to the atmospheric pressure. When 
the elastic force of the gas is exactly equal to the 
atmospheric pressure, the mercury will be at the same 
height in both limbs of the tube, and when the elasti- 
city of the gas exceeds the atmospheric pressure, the 
mercury will be depressed in the limb communicating 
with the gas, and raised in the other. The difference 
in level of the mercury in the two limbs, will express 
the excess of the elastic power of the gas over the atmo- 
spheric pressure. 

98. As the air at the surface bears the compression 
of a force of 14.7 pounds on every square inch, its elas- 
tic force must be exactly equal to the compressing 
power, 14.7 avoirdupois pounds on every square inch 
of surface ; on every side, above, and below, as this 
elastic power knows no distinctions of up and down. 
This pressure is frequently, in round numbers, termed 
15 pounds. For small quantities, the difference is not 
important ; but it makes a considerable difference on 
high pressures, and it is therefore better always to 
adhere to the true number. 



Gaseous Elasticity as a Moving Power. 

99. Let us suppose a cylinder with a movable par- 
tition in the middle, and filled wi>h air or any other 



THE STEAM-ENOl.VB. 41 

gaseous fluid. Let this partition be tight^ fitting closely 
to the sides^ so that no gas can pass from one side of 
the partition to the other^ and at the same time capa- 
ble of free motion within the cylinder. Now^ if there 
be equal quantities of the same gas on each side of the 
partition^ and the different portions be at the same 
temperature^ the partition^ being equaUy pressed on 
each aide> will remain exactly in the middle. If, in 
this state of things^ some of the gas be withdrawn from 
one cavity, the density of the gas remaining in that 
eavity being thereby reduced, its elastic force will be 
less, and the gas on the other side, now being less 
resisted, its particles will obey the impulse of their 
elasticity, motion will take place, and the partition 
will be pressed towards that side from which the gas 
was withdrawn. 

100. Here is a moving power gained by withdrawing 
some of a gas pressing on one side of a body, while 
there is a quantity of confined gas on the other side. 
Power procured in this manner, is used in those of 
Watt's engines, called " expansion engines," with the 
view of economizing the steam. 

101. The same effect would take place, were the gas 
in one cavity reduced in temperature, or the tempera- 
tare of the other portion raised. Thus, a confined gas 
may be made a source of moving power in two ways : — 
First, By increasing its temperature; «econ<f. By remov- 
ing some of the pressure by which it is confined. And the 
latter may be done in two ways when the pressure arises 
from a gaseous body : — First, Reducing its tempera- 
ture ; second, Withdrawing some of the gas. When the 
gaseous body to be withdrawn is a vapour, this may be 
done in the way described in paragraph 40, called con- 
densation, which will shortly be explained more fully. 

102. Knowing that the air possesses eici^^tct^^ as well 
as weight, we can understand many phenomena other- 

U2 
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wise inexplicable. Hollow resaeli containing Air (SS") 
iupport the enormouB pressure of the ntemat air, by 
the cJmticity of the air Kithin. Were not air, or some 
other elastic fluid, within, their aides would be crashed 
together ; and we shall see that, in the boiler of the 
steam-engine, it is necessary to have a particular con- 
trivance to prevent this occurring. When we attempt 
to separate or press together the boards of the bel- 
lows (31,) the nossle and valve hole being ihut, the 
elasticity of the air within, tending to separate the 
boards, and the pressure of the exterior air, tending to 
force them toge^er, are equal at first ; but, when we 
press them together or separate them, the elasticity is 
increased in the first case, diminished in the second, 
and force is required to keep them in either state. In 
the case of the sucker with which boys raise great 
weights (34,) if the moistened leather be properly 
applied, there is no air between the leather and the 
stone, BO that the atmospheric pressure is not resisted 
in its pressure on the leather. 

103. The elastic power of air is taken advantage of 
in many machines — as Hero's fountain, the hydraulic 
ram, the air-vessel for producing a continuous stream 
in the force pump and bellows for blastfurnaces, the 
air-gun, common lifting pump, condensing syringe, and 
air-pump. The Utter is an important part of Watt's 
steam-en^^ne. 



The Air Pump. 

104. The sir pump in a machine Tor 
extractingtheKir from a vessel, a more 
difficult operation than might at first 
be (apposed. Its action depends on 
the elastic property of the air to be 
removed. It will be understood from 
the annexed Fig. (5,) and description. 
Let 4 be the veuel to be exhausted of u l 
air. Let it be connected with a cylin- 
der having a valve c openiiig upwards, 
and a piston a b with one vidve (or 
two) also opening upwards. Let the 
vessel d and the cylinder contain air 
of the usual elasticity, the piston be- 
ing near the top of the cylinder. Now 
press down the piston — the air in the 
eylinder being condensed will press 
and keep shut the lower valve e, and, | 
when it has sufficient elastic force, will 
presa open the valve in the piston and 
eacape. Let the piston be pushed to the bottom of 
the cylinder — all the air it contained will thns be ex- 
pelled. Now raise the piston to the top of the cylin- 
der : in the figure, the piston is represented ascending. 
Whenever the piston is raised, there will be a vacuum 
between it and the valve c, therefore, no pressure on 
the upper surface of the valve c ; the air in d will 
therefore force it open and rush into the cylinder, 
and when the piston is at the top, the airformerlt) in 
d wiU be diffiued throvgh A and the cylinder. Thus a 
quantity of air haa been removed from d, and it can- 
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not return. No air can enter the cylinder from with- 
out^ as the valve is kept shut by the atmospheric 
pressure^ a much greater force than that of the now 
rarified air pressing on the lower surface of the piston 
valve. Push down and raise the piston as before^ and 
repeat this often. The air in the cylinder will be ex- 
pelled as before^ and the remaining air in d will divide 
itself between d and the cylinder^ and so on — no air 
ever returning into d, as the valve c opens outwards. 
This may be continued until the air in d is of such 
weak elasticity as to be unable to push up the valve e. 
Hence^ in some air-pumps^ there are contrivances for 
lifting the valves bpthe power that works the pump ; 
and in others the air is withdrawn without the aid of 
valves. The above^ however, is the plan adopted in 
the steam-engine. 



CUAPTER V. 
VAPORIZATION. 

105. It is an invariable effect of heat, then^to en- 
large the dimensions of any body into which it enters. 
But this enlargement^ in ordinary cases, is not great ; 
gases, which expand most, must be heated through a 
range of about 480^ Fahrenheit before their bulk be 
doubled. 

106. There is one case, however, in which heat does 
produce a very great increase of bulk — when it cauteg 
a liquid to pass to the gaseous or aerial state; as when 
water boils — that is, becomes steam. Here there is 
not only expansion, far greater in amount than in 
the former cases — there is also a change in the form 
or condition of the body ; it is now an elastic fluid 
(94,) light, eluding the sense of touch, and, in most 
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cases invisible. This change is called Vaporization, 
and the elastic fluid into which the liquid is converted 
is called a Vapour. 



A. — Vaporization as a Moving Power, 

107. Take a flask, such as that represented in Fig. 2, 
and pour coloured water into it till it is almost full, 
leaving room for a tea-spoon full of ether, which is 
then to be added ; then, closing the mouth of the 
flask, invert it, making the mouth dip under water, 
remove the substance closing the mouth, and get 
it properly supported in that position. The ether, 
being a light liquid, and not mixing with water, will 
ascend to the upper end of the flask, resting on the 
surface of the water. Now, pour boiling water on the 
flask : almost instantaneously, the ether will expand 
enormously, become a gaseous body, transparent and 
colourless, press down the water, and occupy a large 
part of the flask. 

108. Here is a force or moving power obtained by 
the conversion of a small bulk of liquid into a vapour 
occupying a far greater space. This experiment illus- 
trates the methods which De Caus and Lord Worces- 
ter proposed as a means of raising water, and the 
power used in modem steam-engines ; and it is an ex- 
act representation of one part of Savery's engine. 

109. Most gaseous bodies are invisible. Chlorine 
has a pale, yellowish-green colour, and the vapour of 
iodine is of a flne violet hue. That the vapour of water 
is invisible may be seen by boiling a little water in a 
glass flask. The vapour between the surface of the 
liquid and mouth of the flask, is clear, transparent, 
and colourless : it is only after it is fairly out of the 
flask, and is cooled and partly condensed by the cold 
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air^ that it assumes an opaque and white or grey ap- 
pearance^ like a cloud. 

HO. This phenomenon takes place with almost all 
liquids^ when they are sufficiently heated ; hut at dif- 
ferent temperatures^ each having a boiling point pecu- 
liar to itself. Also^ they expand differently when vapor- 
ized. The following table shews the boiling points of 
several liquids; the bulk of the vapour into which they 
expand ; the specific gravities of these vapours — that 
of air at 212^ being 1 ; and^ in the fourth column^ their 
specific gravities — air at 60^ being reckoned 1. 



Water 

Spirit of Wine 
Sulphuric ether 
Oil of Turpentine 


Boiling 
PoinL 


Bulk of 
Va£xmr. 


Speciic Orav. 
ity, air at 2lir 
= 1. 


Speciac Grav. 
ity. air at W* 
= 1. 


212*» 

174* 

96* 
316* 


1696* 
493 
212 
192 


0.623 
1.603 
2-586 
5.013 


0.481 
1-311 
2.415 
3.342 



The expansion of water is very nearly one cubic 
inch into one cubic foot (1728 times its former bulk.) 

111. Vapour rises from most liquids at all ordinary 
temperatures^ at temperatures far below their usual 
boiling points ; but coming from the surface only^ when 
the temperature is below the boiling point of the 
liquid. 

112. The temperature of the vapour is the same as 
that of the liquid from which it arises^ as may be easily 
seen^ by holding a thermometer in boiling water and 
then in the steam arising from it. 

113. Vapour is raised^ and sustained in that state^ 
solely by the influence of heat^ not at all by the at- 
traction of the air, as was at one time supposed ; and 
the quantity of vapour which can exist in any given 

* The estimate of the increase in bulk is calculated from the 
greatest density of water, which is at 39<39 Fahrenheit. 



TUB 9TEAM-ENOIKE. 47 

Space bears a certain proportion to tlie temperature 
(129, &c.) 

B. — Return of Fapourt to the Liquid State. 

114. — Vapours, when the heat which caused them to 
be in that state is withdrawn, return to their former 
bulk (the bulk of the liquid from which they were 
raised), and to the liquid condition. This phenomenon 
is caUed condensation. It is seen when steam, issuing 
from a boiler, strikes on any cold surface. The steam 
is condensed, and returns to the state of water, 
appearing in small globules. The heat being with- 
drawn by the cold body, the cohesive attraction re- 
sumes its influence, draws and retains the particles in 
contact, so as to form water.* 

115. The colourless nature of steam, its formation, 
and condensation, are well shewn by a beautiful appa- 
ratus, devised by Dr Wollaston. The annexed figure 
illustrates it. A glass tube is formed into a bulb at 
one end, and has a piston within, which, with its 
rod, is perforated. There is a screw at the top of 

* Thus, there arc two great antagonist powers operating 
between the particles of matter : the influence of heat, or re- 
pulsion, tending to separate them and make bodies occupy a 
large space; the attraction of cohesion, tending to draw the 
p«rtick» of bodies closer and closer to each other, and to reduce 
them in bulk. When there is little of the repulsive principle 
present, as in ice, the attractive principle operates powerfully, 
and the particles are firmly bound together in the form of a 
solid. When the ice is heated, the heat, to a certain extent, 
overcomes the cohesive attraction, and the particles are 
loosened and become movable upon each other, as in water ; 
and, when a large additional quantity of beat is infused, the 
cc^e^ve principle is overcome, and, the repulsive principle be- 
coming predominant, the particles are driven far asanderi in 
the form of steam. Reverse these operations, and we have 
the steam successively passing to the state of water and ice. 
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the piston rod^ by which the aperture ^''<>- & 

in the piston-rod may be opened or shut nj 

at pleasure. A little water being in- 
troduced into the bulb, it is made to 
boil, and, when the air has been ex- 
pelled, the opening in the piston is 
shut. Then, the steam will raise the 
piston ; on allowing the tube to cool, 
the steam will be condensed, and the 
piston will be depressed by the atmo- 
spheric pressure ; and it will be seen 
that the steam, unmixed with air, is 
perfectly clear, transparent, and colour- 
less. 

116. The prodigious expansion of water, when vapor- 
ized, (a cubic inch to a cubic foot), the great re- 
duction in bulk when condensed, (a cubic foot to a 
cubic inch), and the ease with which steam is con- 
densed, are the properties which render water so 
valuable as a means of procuring force or moving 
power, 

C. — Influence of Pressure on Vaporvxation. 

117. — We have seen that pressure resists the endea- 
vours of gases to expand (84, &c.) ; in like manner, 
pressure upon the surface of any liquid opposes the 
expansion of its particles into the gaseous state, and, 
in proportion as the pressure is great, a higher temper- 
ature is required to overcome it, and cause part of the 
liquid to expand into vapour. 

118. \Vlien a quantity of a liquid, then, is exposed 
to heat in a confined space, from which the vapour 
that rises cannot escape, this vapour^ by its elastic 
power (79,) wUl press upon the surface of the liquid, 
and oppose the further vaporization of the liquid. If 
the heat be increased^ this force will be overcome and 
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an additional quantity of vapour will be added to that 
•Iready pressing upon the surface of the liquid. The 
density of the vapour being thus increased, as well as 
its temperature (93, 101,) its elastic force is further 
increased, and it now resists with still greater force the 
passage of any of the liquid into the aeriform condi- 
tion. There is thus a struggle between the heat, 
which tends to repel the particles of the liquid asunder, 
in the form of vapour, and the pressure, which tends 
to confine these particles in a small space. 

119. Thus, by exposing liquids to heat, in confined 
vessels, we may procure vapours of any density, and, 
hence, of any degree of elastic force, compatible with 
the strength and power of sustaining heat of the ves- 
sel, on the interior of which it thus exerts what is 
called a bubstino pressure. 

180. Hence, liquids vary in their boiling points with 
the pressure to which they are exposed. In elevated 
situations, (as the tops of high mountains, the cities 
of Quito and Mexico, where the pressure of the atmo- 
sphere is less — less by the amount of atmosphere be- 
neath the elevation,) water boils at lower temperatures 
than on low plains, where subjected to the pressure of the 
whole atmosphere. A change of one degree of Fahren. 
heit in the boiling point of water, indicates a change in 
elevation of 530 feet ; or, a variation of 1.76^ Fahren- 
heit^ in the boiling point of water, takes place with a 
change of one inch in the height of the barometer, 
between the limits of 26 and 31 inches. In the vacuum 
of an air-pump, liquids boil at about 140o Fahrenheit 
lower than when exposed to the ordinary atmospheric 
pressure. 

181. At Quito, nearly 10,000 feet above the level 
of the sea, water boils at 1 94^ Fahrenheit. At Gen- 
eva, about 1800 feet above the level of the sea, water 
boils at 809.4o Fahrenheit. 

188. In the Digester, on the other hand, which is 
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merely a stout metallic vessel (copper^) like a boiler^ 
with a fixed lid and a stopcock attached to the tube 
for emitting the steam^ by confining the steam^ we may 
retard the boiling of water^ and raise it to any temper- 
ature compatible with the capacity of the vessel to 
bear pressure^ and the action of the high temperature 
necessary to produce steam of such elastic power. In 
this manner^ substances can be exposed to higher tem- 
peratures than can be procured by boiling water in an 
open vessel. In elevated situations — such as Quito or 
Geneva — the same temperatures cannot be procured by 
boiling water or other liquids in open vessels^ as in 
lower situations. 

D.— 0/ the Force of Steam. 

123. In considering the elastic force of steam^ it 
must be recollected that, the temperature remaining 
the same, the density and elastic force of gaseous bodies 
are in direct proportion ; and that an increase of either 
temperature or density increases the elastic force. 
(93, 101.) 

124. The elastic force of a vapour rising from a boil- 
ing liquid is always exactly equal to the pressure which 
resists (117) its passage to the gaseous state, or, as it 
is usually expressed, equal to the pressure under which 
it is raised. In fact, a liquid does not boil until it has 
sufficient elastic force to balance and overcome this 
pressure. 

125. There is a constant force — ^the atmospheric 
pressure- — resisting the expansion of liquids into 
vapours; hence the elastic force of any vapour pro- 
duced from a liquid boiling in an open vessel while the 
barometer is at thirty inches, is 14.7 pounds to the 
square inch, and varies with the height of the baro- 
meter (the index to variations in atmospheric pres- 
sure), the boiling point ynrying also^ as the following 
table illustrates :— • 
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Btfoin* 

88 
89 
SO 
.81 



BoiUng Point 

808.43 
810.19 
818 
813.76 



ElMticily in 
pounds on the 
square Inch. 

13.78 

14.81 

14.7 

15.19 



186. The following more extended table will illus- 
tmte better the condition of watery vapour at different 
temperatures^ the proportion between the temperature 
and deniity^ and the correspondence between these 
two and the elastic force or pressure. The manner in 
which the elastic force of a vapour is ascertained may 
be judged of by referring to paragraphs 96 and 97. 



Tcraptfitimf 
Flilwentelt. 

• 


Specific GxBv. 


Weight in 

Orainiofa 

Cubic Foot.* 


Prenurein 
inches of a co. 
lumn of Mer. , 
cury. ' 


Pressure In 

pounds on the 

square Inch. 


ItT.airateoe 
being !•• 


Dtgnn, 










00.00 


0.0115 


6.10 


0.55 


0.2695 


77^ 


0.0202 


10.70 


l.OO 


0.49 


9a70 


0.0388 


20.50 


2.00 


0.98 


123.00 


0.0744 


39.00 


4.00 


1.96 


147.00 


0.134 


71.00 


750 


3.675 


i7aoo 


0.255 


135.00 


15.00 


7.35 


107.40 


0.371 


196. 


2250 


11.025 


218.00 


0.484 


254.7 


30.00 


14.7 


22aoo 


0.553 


292.0 


35.00 


17.15 


233.80 


0.687 


3630 


45.00* 


22.05 


242.50 


0.81 


4270 


52 50' 


25.725 


250.80 


0.915 


483.0 


60 00 


29.4 


274.70 


1.33 


700.0 


90.00 


44.1 


380.00 


25 


13170 


180.00 


88.2 


350.00 


3.61 


19100 


270.00 


132.3 


450.00 


10.75 


5670.0 


900.00 


441.0 



« 

* The weight of a cubic foot of air at 60 F., 30 Barom., is 
535.8821 grams; 100 cubic inches weigh 31.0117 grains. A 
cubic foot of air at 212** F., 30 Banim., weighs 413.6832 
Sfmina; and, if the specific gravity of air at 212o be termed 
loOOy that of steam formed at 212<* ia 0.624. 
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The following table is the result of an inquiry insti- 
tuted by the Academy of Sciences at Paris^ in which 
Arago and Dulong were engaged. Up to the pressure 
of twenty-five atmospheres^ the table gives the results 
of actual experiments. The temperatures and corre- 
sponding pressures above that were obtained by calcu- 
lation. The first column shews the force of the steam, 
expressed in atmospheres ; and, in the second column, • 
the figures express the corresponding temperature in 
degrees of Fahrenheit. Thus, steam formed at 263.84 
has an elastic force of 2^ atmospheres ; or, a pressure 
on the square inch of 36.75 pounds = 14.7 lbs. x 2|. 



if 


• 


ticltrin 
otpberet. 


• 

3 


4 


• 


1 


1 




1 


m< 


^ 


212. 


74 


336.86 


20 


418.46 


H 


233.96 


8 


341.96 


22 


427.28 


2 


250.52 


9 


350.78 


24 


435.56 


24 


263.84 


10 


358.88 


25 


439.34 


3 


276 18 


11 


366.85 


26 


443.16 


H 


285.08 


12 


374.00 


28 


45038 


4 


293.72 


13 


380.66 


30 


457.16 


4i 


300.28 


14 


386.94 


32 


463.64 


O 


307 5 


15 


392.86 


34 


469 78 


64 


314 24 


16 


398.48 


36 


475.64 


6 


320 36 


17 


403.82 


38 


481.24 


64 


32626 


18 


408 92 


40 


486.59 


7 


331.70 


19 


413.78 


45 
50 


499.14 
510.60 



127. From these tables, it appears that, if a quan- 
tity of water were heated to 320^ Fahrenheit by 
confining the vapour, a cubic foot of the vapour at that 
temperature would weigh 1317 grains (about three 
ounces avoirdupois;) its specific gravity, compared to 



THB STEAM-ENGINE. 53 

air at 60^ as 1^ would be 2,5, weighings therefore 
two and a half times as much as an equal bulk of 
air; if communicating with a closed tube^ like a V, 
containing mercury^ would support a column of that 
fluid metal 180 inches (fifteen feet) high ; or 150 inches 
if the tube were open^ the atmospheric pressure being 
equivalent to thirty inches of the column ; and would 
exert on every square inch of surface of the vessel 
containing it^ a pressure equal to that of a weight of 
88.8 pounds avoirdupois — i,e,, a pressure of six atmo- 
spheres. 

188. This table might be continued downwards-^ 
as^ at lower temperatures stilly vapour can be sus- 
tained; of diminished density and elastic force^ but 
never losing elastic power while it retains the form of 
vapour. At 32'' Fahrenheit^ according to Dalton^ 
watery vapour will have an elastic force equal to 0.8 
inch of mercury (.098 — nearly one-tenth of a pound 
of pressure on the square inch) ; and a cubic foot of 
such vapour weighs 2.3701 grains. At fifty degrees 
Fahrenheit, the force of vapour, according to the same 
author, is 0375 inches of mercury (.183 of a pound 
prennre on the square inch) ; and a cubic foot of such 
vapour weighs 4.2819 grains > 

1529. Any given space, then, can contain only a cer- 
tain quantity of vapour at a certain temperature ; the 
vapour is sustained in that state solely by the influence 
of heat ; and its quantity bears a constant proportion 
(which has been determined by experiment) to the 
temperature. 

ISO. Hence, if a' quantity of vapour, in a confined 
space, be reduced in temperature, the space having 
contained as much vapour as it could at the previous 
temperature, a certain quantity of vapour will now 
return to the liquid state, and the remainder will ejr- 
pand and be spread through the whole of the space — much 

f2 
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reduced, however, in density and elastic force ; tables 
such as that in paragraph 1S6 shew how much. For 
example^ if a cubic foot of steam, at 212^ Fahren- 
heit, and of elastic force of 14.7 pounds to the square 
inch, being of the specific gravity 0.484 — ue,, 254.7 
grains of steam (all that can be sustained in vapour 
at that temperature in such a space) — ^be reduced in 
temperature to 60° Fahrenheit ; 248.6 grains will re- 
turn to the liquid state, and 6.1 grains will remain in the 
state of vapour, diffused through the entire cubic foot, 
having a specific gravity of 0.0115, and an elastic force 
of 0.2695 pounds (about a quarter of a pound) on the 
square inch. 

131. Thus, the condensation of vapour by cold water 
can never produce an absolute vacuum — some vapour 
will remain, though of greatly diminished elasticity. 
This vapour will be rare, and of weak elastic force, just 
in proportion to the intensity of the cold employed to 
reduce the rest to the liquid state. This must be kept 
in mind in studying the steam-engine, and also for 
understanding the history of its progress from the first 
rude attempts to its present more perfect form. 

132. From these tables, then, it will be seen that 
vapour rises from water at all temperatures ; that its 
density increases with the temperature, and its elastic 
force with the density. 

133. Steam of the same elastic force as the atmo- 
spheric pressure is called low-pressure steam, no pres- 
sure above that of the atmosphere being required to 
produce it. To produce steam of greater elastic force 
than that of the air, a close vessel must be used, the 
lid being kept down by weights proportioned to the 
strength of steam required. To procure steam having 
twice the elastic pressure of the air, we must confine it 
by twice the force, or 29.4 pounds to the square inch. 
The atmospheric pressure furnishes 14.7 pounds of 
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pressure (a pressure of one atmosphere, as it is termed ;) 
and, to provide the other atmosphere of pressure, we 
must lay such weights on the lid of the vessel, that 
there are 14.7 pounds for every square inch of the 
opening which admits the lid. In this manner, we 
procure steam of any required pressure greater than 
the atmospheric pressure, and it is called high-pressure 
steam. Steam oi only a few pounds' (five or six) pres- 
sure liigher than that of the atmosphere is still usually 
termed low-pressure steam, 

134. In the preceding paragraphs, we have spoken 
of steam when in contact with its water of generation. 
In this condition, it oheys a different rate of decrease 
or increase in elastic force from that of steam cut off 
from communication with water. In the first case, when 
the vessel is heated, the elastic force of the steam is 
increased by two causes : — First, By the increase of 
heat ; second, by the increase in density from the addi- 
tion of more steam, and vice versa, when the tempera- 
ture is diminished. But, when not in contact with any 
water to generate more steam, addition of heat in- 
creases its elastic force from the increased temperature 
only, no increase of density taking place. 

135. Thus, the conditions, liquid and gaseous, do 
not seem to be absolute and essential to the constitu- 
tion of any body, but relative to and depending on the 
temperature ; so that it is likely that all liquids might 
be vaporized, even liquid metals, could we procure 
temperatures sufficiently high; and that all aerial 
bodies might be condensed, by simply abstracting heat 
from them, could we procure temperatures consider- 
ably, lower than we can at present command. 

136. There are some bodies which are known to 
exist only in the gaseous state : such are oxygen, by- 
drogen, nitrogen, and a few others. These, which can- 
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not be reduced to the liquid state by a reduction o£ 
temperature^ are called gaset ; while the aerial bodies 
which are formed by the influence of heat upon liquids, 
and which return to the liquid state when they are 
cooled, are exclusively called vapotcr^. 

137. Some aerial bodies, which cannot be rendered 
liquid by the mere abstraction of heat, have yet been 
reduced to the liquid state by pressure. As pressure 
retards the passage of a liquid 1o the aerial state, so 
it tends to reduce an aerial body to the liquid condi- 
tion. The particles are thus approximated, and 
brought within the sphere of action of the cohesive 
attraction. The following gases have been liquefied by 
the pressure stated after each, as determined by Dr 
Faraday. 



Sulphurous acid • 
Sulphuretted hydrogen . 
Carbonic acid 
Chlorine 
Nitrous oxide 
Cyanogen 
Ammonia . 
Muriatic acid 



2 atmospheres, at 45® F. 
17 . . . 50'' 

36 . . 32° 

4 . . .60^ 

50 . . 45° 

3.6 . . 45° 

6.5 . . 50° 

40 . . .50° 



Chapter VI. 



LATENT HEAT. 



138. When water is made to boil in an open vessel, 
if a thermometer be placed in the liquid, it will be 
found, as would be expected, that the temperature of 
the water will gradually rise until it reaches the boil- 
ini( point (212°.) After this, however strong be the 
heat applied to the water, however long the water be 
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kept boiling, no further rise in temperature will take 
place ; the thermometer will remain at 212° as long 
as the water continues to boil. Also^ it will be found 
tbrntj after the water has begun to boil, and as long as 
it is boiling, the steam arising from it will be at the 
temperature of 212<'. 

139. Here is a striking circumstance. The water 
must continue to receive heat after it has begun to 
boil, as well as be/ore, but yet the temperature of the 
water and the steam remains stationary. What hfy 
become of the heat which entered the water after it 
b^gan to boil ? It has entered into the steam in a 
CONG BALED or LATENT stato, and has been removed by 
the steam flying away as fast it is formed. That this 
is the case, may be inferred from so much heat having 
disappeared, and may be proved by recovering it from 
the eteam, 

140. Let a tube be adapted to a flask or other vessel 
in which water is made to boil, and convey the steam 
arising from the boiling water into cold water. Let a 
known weight of water, in the form of steam, pass 
into the cold water, which must also be of an ascer- 
tained quantity and temperature* Note the tem- 
perature to which the water has been raised by trans- 
mitting the steam into it. Now, add to a like quan- 
tity of water at the same temperature, a quantity of 
boiling water equal to that which had been passed in 
the form of steam into the first portion of cold water, 
and observe the temperature of the mixture. It will 
be found that the water to which the steam was added 
will be at a far higher temperature than that to which 
the boiling water was added — that is, the steam has given 
out more heat than the boiling water. But the steam 
and boiling water were equal in quantity and tempera- 
ture—therefore, the steam must have contained more 
heat. We now see what has become of the heat which 
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entered the water after it began to boil. It entered 
the steam ; and, being in some peculiar relation to the 
water, becomes hid, or not discoverable hj the thermo- 
meter, the usual test of the presence of heat. \Vlien 
the steam returns to the state of water, it restores this 
heat which it had absorbed into the concealed state ; 
and, giving out the heat which it had as boiling water, 
and the additional heat which it had absorbed on ben 
coming steam, must produce a much greater heating 
effect than the same weight of water at the same tem- 
perature— 212° Fahrenheit. 

141. Heat which thus eludes the thermometer is 
called Latent Heat. Heat which is discoverable by 
the thermometer, is termed Free or Sbnsiblb Heat, 
or Heat of Temperature. 

142. The quantity (or rather proportion) of heat 
which becomes latent when water passes into the state 
of vapour, has been ascertained with considerable pre- 
cision. This may be done in two ways :— - 

143. First, By estimating how long water requires 
to be heated (•• e., how much heat must be added) after 
it has been brought to the boiling point, to dissipate it 
entirely in vapour, and comparing this with the time 
required to raise it to 212° from any given point. To 
convert a given quantity of water at 212° into vapour, 
heat must be applied about 5g times as long as to 
raise the same quantity of water from 32*^ to 212° (jLe.j 
5§ times the quantity of heat must be added to the 
water.) From 32° to 212° is 180° ; 180° multiplied by 
5g, gives 1000° as the heat of conversion of water into 
steam.* 

144. Secondly, the same may be estimated by trans- 

* Aay one may easily satisfy himself of this by experiment 
Expose a quantity of water to a steady source of heat ; ^note how 
soon the temperature of the water rises to 2120— how long 
before it is entirely vaporized. 
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ntttiDg a known quantity of steam into a quantity of 
water of a known weight and temperature, and obeerv* 
ing how much the temperature of the latter is raised. 
In this way^ it is found that the heat ahsorhed by a 
given quantity of water at 912° in becoming steam, 
will raiae 5 j times the quantity of water at 3SP to 212". 
180*"^ multiplied by 5J, gives 1000'' Fahrenheit, as the 
proportion of latent heat contained in steam. 

145. The same takes place during the melting of 
aoBds and their congelation, or return to the solid 
CMidition. In melting, they absorb heat which does 
not raise their temperature ; in congealing, they give 
out this heat into the free or sensible state. The 
latent beat of water is 140° Fahrenheit. 

146. It thus appears that that heat which is en- 
gaged in effecting a change in the condition of a solid 
or liquid, is combined with it in such a way as not to 
affect its temperature. These general laws of caloric 
may be expressed in a few words. MHien solids become 
liquids, and when liquids become gaseous, they absorb 
a quantity of caloric, which does not raise their temper^ 
atnre. They evolve this caloric into the free or sen« 
•ibie atatOj when they return to their former condition. 
Theee laws of heat were developed by the celebrated 
Dr Joseph Black. 

147. Though of high interest and importance in 
other applications of heat, and in relation to precise 
calculations as to the quantity of heat required to pro- 
duce a certain effect, they are not essential to an un- 
derstanding of the principle of the steam-engine, nor 
was it by a knowledge of them that Watt effected his 
grand improvements, as has been erroneously supposed. 
'* These improvements," says Watt, *' proceeded upon 
the old-established fact, that steam was condensed by 
the contact of cold bodies, and the later-known one, 
that water boiled in vacuo at heats below 100°." It 
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will be seen^ as we go along^ that Watt's improve- 
ments have no connection with the laws of latent heat, 
and would as readily have occurred to him though these 
laws had never been known. 

148. When water boils at temperatures lower or 
higher than 212°^ it appears that still the same 
quantity of heat is always required to vaporize the 
same quantity of water ; the latent heat being as much 
greater as the sensible heat is less^ when the water is 
made to boil at low pressures ; and as much less as the 
sensible heat is greater^ when water is boiled at high 
pressures : the sum of the free and latent heat of steam 
at all pressures^ being 1180° — that is^ at 212° — 
1000° of latent; and 180° (reckoning from the freez- 
ing point) of sensible caloric. Hence^ there would not 
be any economy of heat in raising steam at low tem- 
peratureS; as was at one time supposed. 

149. It appears that equal weights of different bodies 
require different quantities of heat to raise them to the 
same temperature^ a fact generally expressed by say- 
ing that the specific heats of bodies are different, A 
body which requires much heat to raise its tempera- 
ture^ is said to have a high specific heat, or a great 
capacity for heat, and vice versa, Now^ the specific 
heat of an aerial body is greater as its volume in- 
creases, continuing the same in quantity or weight ; in- 
creasing with the bulk; decreasing as the density and 
elasticity increase. Hence^ when aerial bodies are 
rarified, to satisfy their increased specific heat^ they 
absorb heat into the latent state. When condensed- 
having now a less specific heat — they give out heat 
into the sensible condition. Thus^ rarefaction of a 
gaseous body causes cold ; compression causes heat. 
Hence the cold in the upper regions of the atmo- 
sphere, where the air is rare, and^ therefore, requires 
more heat to raise its temperature than the dense^ 
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lower strata of air. Hence, a thermometer sinks in 
temperature when placed in the receiver of an air- 
pump, from which the air is quickly withdrawn. 
Hence the syringe for procuring a light, which is 
simply a cylinder in which a piston works ; the latter 
being suddenly forced down, compresses the air, and 
the heat thus evolved kindles some tinder in the 
cylinder. 

150. Several of the phenomena of heat are well illus- 
trated by a beautiful instrument, devised by Dr 
WoUaston, called the Cryophorus, or Frostbearer. It 

Fia. 7. 




Jt. 




consists of a glass tube, expanded into a glass bulb at 
each extremity, and containing only pure water and 
watery vapour. Before it is closed, the water is 
divided between the two bulbs, and made to boil in 
each — the vapour escaping by the aperture in the 
middle of the tube, so that the vessel cannot contain 
any air. While the liquid is boiling briskly, the aper- 
ture is suddenly closed by directing the flame of a 
blowpipe across it. With this instrument, the follow- 
ing striking experiment may be performed : — Collect 
all the water in one bulb, and place the other in a 
freezing mixture. In a short time, the water will be 
frozen ; illustrating three points in the phenomena of 
heat : — First, That water evaporates rapidly as the 
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pressure on its surface is diminished ; second, That it 
evaporates at very low temperatures ; and^ third, T*hat, 
during evaporation^ an immense quantity of heat is 
absorbed into the latent state^ the adjoining liquid 
being robbed of sensible heat to supply this demand. 
The vapour in the bulb being condensed by the frees- 
ing mixturOj the vapour in the tube and upper part of 
the other bulb expands and rushes into the bulb in the 
freezing mixture. The pressure upon the surface of 
the liquid being thus reduced, and the space above it 
containing less vapour than its temperature can sup- 
port, evaporation takes place from the surface. But 
any vapour which rushes into the other bulb is imme- 
diately condensed : hence, evaporation from the sur- 
face goes on with great rapidity, and the temperature 
of the liquid is so much reduced by the vapour absorb- 
ing heat into the latent state, that it actually freezes. 
If the bulb in the freezing mixture be examined, it 
will be found to contain some water or ice, though there 
was nothing but vapour in it at first. 



Summary of the Lavs of Heat, 

151. In concluding our account of heat, as the sub- 
ject is somewhat complex, the following recapitulation 
or general summary may .be found useful to those to 
whom the subject is new. 

152. Heat, caloric, or the repulsive principle, ex- 
ists in all bodies, and moves about amongst them, con- 
tinually tending to an equilibrium. I. Modes m 
WHICH HEAT SPREADS, (l.) Conductton. 0, in <o/u/<, by 
transmission from particle to particle. Bodies differ 
very much in the rate at which they transmit heat 
through them, dense metals being the quickest, loose 
spongy bodies, as wool, the slowest conductors, b, in 
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Uquids and gases. These are slow conductors^ except 
the heat he applied at the lower part^ so as to hring 
the mohility of their particles into play^ and cause de- 
ioending and ascending currents. (2.) Radiation, 
Heat is projected in straight lines from the surfaces 
of heated hodies^ like rays from a central point.' Ra-^ 
diant heat is — a, absorbed^ b, reflected. Radiating^ ab- 
8orbijig> and reflecting powers of bodies^ vary with— a^ 
texture^ b, colour of the surface. Dark^ roughs and 
porous surfaces radiate much heat, and absorb much 
of the radiant heat that falls upon them. Polished 
metalllG surfaces radiate little^ and reflect most of 
the radiant heat which falls upon them. II. £ffects 
of Seat. (1.) Expansion. Solids^ heated through 
180^ Fahrenheit, expand in volume from l-117th to 
l-SOOth-— liquids, through the same range, from 
1-f th to l-55th — aerial bodies, 3-8ths. (2.) Liquefac^ 
tion. (3.) Vaporization. (4.) The imparting of elas- 
ticity to aerial bodies. (5.) Ignition or incandescence. 
6. Chemical Action. III. Effects of cold, (the remo- 
val of heat.) (1.) Contraction of solids and liquids. (2.) 
Redaction of elastic power of aerial bodies. (3.) Con- 
densation of vapours. IV. Specific Heat. Different 
quantities of heat necessary to bring different bodies 
to the same temperature. V. Latent Heat. (1.) Heat 
absorbed into the latent state when, a, a gas is rare- 
fied, b, a solid melts, c, a liquid passes into a vapour. 
(2.) Heat evolved into the free state, when a, a gas is 
compressed, b, a liquid congeals, c, a vapour is con- 
densed. VI. Sources OP Heat. (1.) Sun's heat. (2.) 
Subterraneous heat. (3.) Heat of animals. (4.) Chemi- 
cal action. (5.) Mechanical action ; a, friction ; b, per- 
cussion ; c, compression of gases. VII. Means of 
paoDUGiNo Cold. (1.) Liquefaction, freezing mix- 
tures. (2.) Evaporation. (3.) Rarefaction of gases. 
(4.) Conduction. (5.) Radiation. 



PART II. 



CHEMICAL RELATIONS OF WATER, COAL, AND 

IRON. 



Chapter I. 



WATER. 



153. Water^ in its purest state^ consists solely of 
two elementary bodies, Oxygen and Hydrogen. These 
two substances are met with in the aerial state when 
uncombined with other bodies, or each other ; they 
are clear, colourless, and transparent ; and are incapa- 
ble of being reduced to the liquid or solid form by cold 
or pressure, or both combined. The following tables 
will illustrate the composition of water. 

COMPOSITION OF WATER. 



Name of Ga«. 

Oxygen 
Hydrogen 



Steam at 212' 



Weight. 

8 

I 



Bulk. 
0.5 

I.O 
1.0 
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Proportions necessary for forming water in 100 
parts of the gases. 

By weight. By mcMurc. 

Oxygen . 88.9^ or 8 33.3i, or 1 

Hydrogen . ll.lj or 1 66.66^ or 2 



Mixed . 100.0 9 100.00 3 

Combined . 100.0 9 66.66 2 

154. Wlien the gases combine^ a condensation en- 
sues. They are reduced l-3d in bulk. The steam 
formed occupies only the bulk of the hydrogen. Thus, 
when steam is decomposed (its elements separate,) 
there must be an increase in bulk of one-half* Also, 
the gases into which it is formed are not conderuiblehj 
cold, as steam is. Thus, while steam is easily condensed, 
and made the means of procuring a vacuum, its uncom- 
bined elements are totally unfit for such a purpose. 

155. Some of the metals, as iron and zinc, possess 
the property of decomposing water when they meet at 
a high temperature. The metal abstracts the oxygen, 
with which it unites and forms a solid crust of metallic 
oxide at its surface. The hydrogen thus eliminated, 
assumes that form which is proper to it when uncom- 
bined, and becomes a clear, colourless, incondensible 
gas, equal in bulk to the steam from which it was 
formed. The hydrogen is inflammable ; and, if it meet 
with the necessary quantity of free oxygen (as in air) 
and a sufficiently high temperature, will burn, uniting 
with the oxygen, and forming vapour of water. 

156. But water such as we have been just speaking 
of is nowhere met with in nature. It is pure distilled 
water, found only in the laboratory of the chemist. 
Common water contains in solution small quantities of 
air^ and of any soluble earthy matters it may have been 
in contact with, as sulphate of lime, &c. The water of 
the Clyde contains, in an imperial pint, (34^ cubic 

o 2 



66 THE STEAM-ENGINE. 

inches^ or about 8750 grains^) 1.14 grains of earthy 
matters, and about l-35th of its bulk of gases. The 
earthy matters consist chiefly of muriate of magnesia, 
sulphate of soda, common salt, silica or flinty earth. 
Of the gaseous matters, l-20th is carbonic acid, and 
the remaining 19-20ths are common air. The propor- 
tions of these ingredients vary in different streams ; 
but all contain some earthy matters and gases in so- 
lution ; besides what may be present, mechanically sus- 
pended in the liquid. 

157. Sea-water contains a much larger proportion of 
earthy matters. The water of the Atlantic, as ana- 
lyzed by Dr Marcet, consists, in 1000 parts, of 

Pure matter of "Water . . . 956.84 

Common Salt, (chloride of Sodium) . 26.6 
Sulphate of Soda .... 4.66 

Muriate of Lime . . . . 1.99 

Muriate of Magnesia ... . 9.91 



1000.00 

This gives, as nearly as possible, l-23d of saline and 
earthy matter, and 22-23ds of pure matter of water ; 
or, forty parts in the thousand are saline and earthy 
matter. The water of the Frith of Forth, examined 
by Dr Murray, contained, in 1000 parts — 

Pure matter of Water . . 969.691 

Common Salt .... 22.001 

Sulphate of Soda . . . 3.316 

Muriate of Lime .... 0.784 

Muriate of Magnesia . . . 4.208 



1000.0 



This analysis gives about thirty parts in the thou- 
sand as saline and earthy matter ; or, nearly l-33d — 
the proportion of saline matters being less, as might be 
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expected, near the shore and mouths of rivers, than 
out in the ocean. 

158. U'hen water containing any gases and earthy 
matters is boiled, the gases rise in the gaseous form 
with the first portions of vapour that are expelled ; so 
that the steam of common water always contains a 
small portion of air. When the steam condenses into 
water, this air does not entirely condense along with 
it : a great part retains the gaseous form, as water can- 
not absorb much air when warm, and the water formed 
by the condensed steam is very warm at first. The 
earthy matters remain in the vessel in which the water 
is boiled ; and, when there is not sufficient water left 
in the vessel to retain them in solution, fall down in 
the solid form. If the same vessel be used for boiling 
successive portions of water, and be not frequently 
cleaned out, a crust of these earthy matters will form 
at the bottom, which will gradually thicken, and may 
lead to injurious consequences, as the earthy crust is a 
slow conductor of heat — that is, takes heat slowly 
from bodies, and gives oflF heat slowly — in short, gives 
heat a very slow passage through it. This will be ex- 
plained more particularly in the chapter on iron. 



Chapter II. 

FUEL. 

159. The fuel used for the production of heat to 
vaporize water for steam-engines, is — Cuarcoal, Coke, 
Coal, Anthracite, Tar, or Refuse Woody Matter, 
such as saw-dust, tanner s spent hark, peat, &c. Of all 
these the chief combustible ingredient is carbon. It 
forms the principal part of charcoal, coke, and anthra- 
cite — the latter (railed also Mind-coal; glance-coal', 
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stone-coal^) contains a considerable proportion of 
earthy matters, silica. Sec, which remain as ashes 
after combustion. It is the mineral chiefly used as 
fuel in the States of North America. Coal contains, 
besides carbon, hydrogen, a combustible ingredient, 
and also oxygen and nitrogen. Tar and wood also 
contain hydrogen. Where the fuel contains hydro- 
gen, it burns with a yellow flame, and then with a 
steady red light, like cinder. Where there is no 
hydrogen, the fuel burns more steadily, and a more 
uniform heat is sustained. Such a fuel is found in 
charcoal and coke. The former is prepared by heat- 
ing wood in close vessels ; the latter from coal, by a 
similar process. Anthracite contains no hydrogen. 

160. The following tables of the composition of the 
different kinds of coal, and quantity of coke and ashes 
they yield, are from analyses by Dr Thomson. 



Carbon . . 
Hydrogen . . 
Nitrogen • . 
Oxygen . . 


Caking 
Coia. 


fliaint CoaL 


Cheny 
CoaL 


Cannal 
CoaL 


75.28 
4.18 

1596 
4.58 


75.00 
&25 
6.25 

12.50 


74.45 

12.40 

10.22 

2.93 


64.72 

21.56 

13.72 

0.00 


100. 


100. 


100. 


100. 




VoUUle 
Products. 


Weight of 
Coke. 


looombua. 
tible Ash. 


1000 parts of ^ 

CakmgCoal 
SpUt Coal . 
Cherry Coal . 
Cjumel Coal 


■give 


226 
352 

477 
600 


774 

647 
522 
400 


15 

95 

100 

110 



In the last table, the volatile products, and coke, 
make up the 1000 parts. These kinds of coal differ 
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considerably in compositioD in different places, which 
accounts for the discrepancies in the analyses given by 
various chemists. 

161. In the combustion of fuel, a chemical action 
goes on, in which the carbon and hydrogen unite with 
oxygen, furnished by the air ; so that a free and ample 
supply of air is essential. It has been estimated that 
a pound of coal requires about two-and-a-half pounds of 
oxygen for combustion. This is about twenty-nine 
cubic feet of oxygen. This quantity of oxygen will 
be contained in 145 cubic feet of air. About a third 
of the air which enters the furnace^ passes through 
without aiding in the combustion ; so that, to furnish 
the necessary quantity of oxygen, about 217 cubic feet 
of air are required for the complete combustion of 
every pound of coal. 



Chapter III. 

IRON. 

162. Iron is the material used for all large steam- 
boilers^ interposed between the heat and the water to 
be boiled. It will bear a considerable heat without 
injury ; but, if too strongly heated, it will oxidate^ or 
rust — a crust of brittle oxide forming upon its surface, 
whether exposed to air or to water. Iron is a good 
conductor of heat, and, when employed as a boiler, is 
in DO danger of rusting, (or burning, as it is some- 
times termed,) if there be plenty of water in contact 
with it^ to carry off the heat in the form of vapour, and 
the vapour have free exit. If the vapour be confined, 
however, from any cause, its temperature will rise, 
and the heat, not being carried off, will tend to accu- 
mulate both in the vapour and the boiler, and thence 
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to corrode the boiler. If the water be entirely dissi- 
pated^ then^ alsOj the heatj not being carried away in 
the latent state hy vapour^ will accumulate and bum 
the boiler — that is^ enable it to combine with the 
oxygen of the air^ which it does not do at a moderate 
temperature. Or^ if there be an earthy crust lining 
the boiler^ this (a slow conductor) will transmit the 
heat so slowly through it^ and give it off so slowly 
to the water^ that the boiler will be apt to be destroyed 
from the action of the fire. Whare^ from any of these 
causes, the boiler is at a very high temperature, it 
has been conjectured (though never proved to have 
taken place) that the iron may decompose the ateam 
in the interior, and replace it by the inoondensible 
gas hydrogen, retaining the oxygen, in the cmst of 
oxide formed ; also, danger may arise from a deficiency 
of water, when the sides o^the boiler may become red- 
hot, and, if water then come suddenly in contact with 
them, an explosion may ensue. 



PART III. 



HISTORY AND DESCRIPTION OP THE STEAM- 

ENGINE. 

IdS. It is very interesting to trace the progress of 
a great invention^ from the first rude attempts^ till it 
attains a somewhat perfect form — ^to mark the succes- 
sive changes it undergoes, and ohserve how often men 
have heen on the very hrink of the discovery^ and yet 
allowed it to escape them ; and there is^ perhaps^ no 
better or easier way to understand the later and more 
complex forms it assumes, than tracing it from the 
first simple conception, and at each stage contrasting 
it with its previous condition. We shall^ therefore, 
prefix to the description of the modem engine, a hrief 
sketch of the progress of the invention from the 
earliest records. 

SECTION I. 

MoHpUe of Hero — Organ of Gerbert — Garay's Steam- 
boat^^Foitntain of Porta and Kircher — Engines of 
De Caue, Branca, Worcester, and Moreland-^and 
Papin's First Engine. — 130 b.c. to 1690. 

iEOLIPILE. B.C. 130. 

164. The first instance on record of the force of 
steam being applied to produce motion, is that of the 
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^olipile^ a philosophical toy^ descrihed in the writiDgi 
of Hero of Alexandria^ who flourished during the 
reign of Ptolemy Philadelphus^ ahout 130 years before 
the birth of Christ. This writer was distinguished 
for his mechanical knowledge. Besides the ^olipile, 
described in the next paragraph, he also was ac- 
quainted with the forcing-pump for raising water, 
(the invention of Ctesibius ;) the beautiful contrivance 
for an artificial fountain, still called Hero's fountain ; 
a machine for producing a rotatory motion by a jet of 
Heated air ; and many other curious mechanical inven- 
tions. The following cut will explain the action of 
the iEolipile. 

^'°* ®' This consists of a 

globular metallic 
vessel, a, revolving 
on two pivots, the 
pointed extremities 
of the tubes, b, e., 
and having two 
tubes, e.e., proceed- 
ing from it at right 
angles to the line 
of the pivots. The 
tubes, 6. c, proceed 
from a steam-boiler, 
d, and, by small 
apertures at their 
extremities, convey 
the steam which is 
generated into the 
globe a. The tubes 
e e are closed at the 
extremities, but have each an aperture at one side, by 
which the steam issues. One tube (c) would do ; but 
where there are two, the apertures must be on the oppo- 
site sides of the tubes, as seen in the little figure at the 
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ride. Or, instead of apertures, the tubes e e maybe open 
at the ends, if they be bent near the extremity at ri^ht 
angles^ and in directions opposite to each other. The 
steam will issue with great force at the apertures, and, 
acting on the side of the tube opposite to the aperture, 
will cause it, and the globe along with it, to move in a 
direction opposite to that in which the steam issues ; 
and, the supply of steam being kept up, a continuous 
rotatory motion of the machine will be induced. There 
may be several tubes (e e e,) 

166. The same may be effected in a simpler way, by 
forming the steam In the vessel a itself, the globe 
being removed from the boiler and tubes h c, and 
made to revolve on supports, by rods projecting from 
iti surface in the line of the notches. This was pro- 
posed^ in a book published at Leipsic in 1597, as a 
means of turning a spit for roasting meat. 

167. The principle of the ^olipile — the same as that 
which produces the motion in the machine called Bar- 
ker's Mill — ^has not till lately been made use of in any 
modem engine ; but it unquestionably exhibits motion 
produced by the force of steam, and which might be 
transferred to machinery for some useful purpose. It 
has the merit of great simplicity, and has lately been 
proposed as a moving power by an American engineer. 
with what success is not yet known. See '' Avery 'd 
Engine," in the chapter on Rotatory Engines. 

168. Hero also describes a machine for raising water 
(it would do so, certainly — but in drops only) by the 
action of the sun's rays on the air in a globe two-thirds 
full of water, the air expanding and pressing the water 
through a tube. And this description seems to have 
suggested to Baptista Porta the contrivance described 
in paragraph 172, (which is, in fact,asteam-engine,) and 
to De Cans some of his ingenious machines for indicat- 

H 
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ing the heat of the weather^ raising water by tlie sun't 
heat^ &c. 



ORGAN OF GEBBERT. 12TH CENTURY. 

169. In his '^ Historical and Descriptive Anecdotes 
of SteanuEngines^" and of their inventors and im- 
provers — a very interesting work — Mr Robert Stuart 
has pointed out a passage in Malmsbury's '^ History/' 
from which it would appear^ that, about the 12th cen- 
tury (1125)^ there was at Rheims an organ, in which 
steam (heated water is the term) was in some way in- 
strumental in producing the sounds. The passage is 
as follows: — " In the church of Rheims, are still 
extant, as proofs of the knowledge of Gerbert — a 
public professor of the schools — a clock constructed on 
mechanical principles, and an hydraulic organ, in 
which the air, escaping in a surprising manner by the 
force of heated water, fills the cavity of the interior 
of the instrument, and the brazen pipes emit modulated 
tones through the multifarious apertures." It does 
not appear whether steam was actually used, or the 
heated water only employed to expand the air, as the 
words would almost indicate ; if the former, this is 
certainly the first useful application of steam. 



STEAMBOAT OF GARAY. 1543. 

170. At Barcelona, in the year 1543, a Spanish sea- 
officer, called Blasco de Garay, propelled a vessel on 
the water without sails or oars, ^' by an apparatus, of 
which a large kettle filled with boiling water was a 
conspicuous part." From the reports and records, it 
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sppears that the experiment — which was done hy order 
of the famous £mperor Charles V. — was considered as 
suGcessfol^ and that Garay was promoted and rewarded. 
But it went no further — perhaps^ as Dr Ren wick re- 
marks^ hecause he was '^ too far in advance of the 
spirit of his age to he ahle to introduce his invention 
into practice ;" and it died with him^ as he kept his 
plan strictly secret. If this account he authentic^ 
Garay must have possessed^ considering the times> an 
extraordinary degree of knowledge of the properties of 
Bteam^ and of mechanical skill. 

171. A Grerman writer^ called Mathesius^ in a volume 
of sermons puhlished in 1571 — a rather singular place^ 
eertainly^-descrihes an apparatus somewhat resemhling 
a steam-engine^ and speaks of the '* mighty effects 
could be produced by the volcanic force of a little im- 
prisoned vapour." Between that time and the end of 
the next century^ when Savery constructed his en- 
gine^ there are many notices by various authors of the 
effect of heat upon water — " the power of imprisoned 
vapour"-— and hints for the construction of engines 
founded thereon. We shall allude to Porta^ De Caus^ 
Branca, Worcester, Morland, and Papin. 



BAPTISTA PORTA. 1606. 

172. The celebrated Baptista Porta, an Italian phi- 
losopher, inventor of the Camera Obscura, was the 
author of several ingenious works, and, among others, 
a commentary on the " Pneumatica ** of Hero, in 
which he describes and gives a drawing of a 8team~ 
fountain, which wanted nothing but the '' idea of such 
an application," and a proportional magnitude, to form 




joining cut. A tube 
(a 6) coming from a 
boiler or retort in 
which steani is form- 
ed, and open at the 
eit remit;, passee in. 
toacietern (A) nearly 
tilled with water, the 
endofthetubebeinfi: 
above the level of 
the water. The steam 
from the boiler ia thui conducted into the space «Ih>t» 
the water, and, preasing on the water by iti elartie 
power, forces it through the tube d. Thii, which wm 
afterwards taken up by Kircher, in 1656, is the exact 
idea of Lord Worcester's engine, and of one part of 
Savery'g engine. The steam is formed in a separate 
vessel from that containing the water to be railed. 
Porta, however, did not propose to apply it, or follow 
it out in any nay. He also describes the nuhing of 
water into the vacuum formed by the condensation of 
vapour. He thus had knowledge sufficient to have in- 
vented Savery's engine, but perhaps never turned tiia 
mind particularly to the subject. 



IT3. Solomon De Cans waaanengineerandarchitecl 
to Louis Xlll. of France; he was an eminent mecha- 
nic, and author of several works on practical mecha- 
nics, of which the principal, published in \6\B, treats 
of the theory of moving forces, and describesa number 



of mscbiDea; and, among others, one for raising water 
bj fire — jttrkapi the firtt inttanee tn wAicA ateam wat 
propoted la ie vted at a moving puiaer on the large leak, 
in Ike manner tn wAicA it ii noa applitd — namely, bj/ 
ilt ebutie farce mhen confined. 

174. His Theorem V, ia, " Water may be raiied by 
tbeud of fire higher than ita«wn level;" in UluBtration 
of whidi, be gives the following figure and descrip- 

'< The third method of 
nbiiig water ii hj the aid 
of fire J whereby divers 
machines may be made. I 
■hall here give the descrip- 
tion of one. Take a ball of 
copper (marked a), well 
•oldered at every part^: it 
must hare a vent-hole 
(marked o), to put in the 
water, and also a tube 
(marked b c), which is sol- 
dered into the top of the 
ball, and the end (c) ap- 
proaches near to the bot- 
tom, without touching it. I 
After filling this ball with \ 
water through the vent- 
bole, stop it dose, and put 
itonthefirejthentheheat, x; *= y 

striking agunst the said ''''^ - ^^ 

hall, will cauM all the water to rise through the 

, 175. The steam formed by the vaporization of the 
water, having no exit, will accumulate until it has suf- 
fident elastic force to press on the surface of the water 
io strongly as to cause part of the water to ascend 



78 THE STEAM-ENGiNE. 

through the tube^ and^ by continuing the heat thus, all 
the water may be expelled^ as De Caus says. This ex- 
periment is exactly similar to that described in 
paragraph 107. 

176. It has been doubted whether De Caus knew 
precisely the canse of the ascent of the water^ or at- 
tributed it entirely (as it is certainly in part owing) 
to the expansion of the air above the water. But this 
can hardly be^ as he knew so much of the nature of 
vapour — as that water loses when part is evaporated^- 
that^ if the vapour be confined and cooled again^ it will 
return to the state of water^ and the water will be the 
same in quantity ; and, in describing this experiment 
in another place^ he says, *' The violence of the vapour 
which causes the water to rise, proceeds from the same 
water ; which vapour goes out through the cock after 
the water with great violence." " This," says Farey^ 
^' is all that De Caus has left us on the subject of 
steam." De Caus distinctly mentions this power as a 
means of raising water, along with other plans which 
were in actual operation for that purpose ; so that he 
must have considered it fit for purposes of utility, 
and thus, very probably, has given the hint to others. 
His apparatus might be used on the large scale^ but 
not profitably — the water to be raised must in the first 
instance have been transferred by manual labour (so 
far as we learn from his description) into his copper 
boiler. He does not seem to have thought of having 
a separate vessel for forming the steam. 



ENGINE OP BRANCA. 1629. 



177. We now come to what appears to be the first 
proposal to use steam as a moving power, which was 
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accompanied with a specific plan^ and published. It is 
that of Giovanni Branca^ an Italian engineer ; and his 
invention is described^ with a drawings in a work he 
published at Rome in 1629. 

178. His engine was a sort of steam windmill^ con- 
msting of a boiler with its spout directed towards a 
wheels so that the steam which issued from it struck 
forcibly against the flat vanes in its circumference^ 
and thus caused a rotatory motion in the wheel ; and 
the continuous motion thus produced, could easily be 
transmitted to any machinery connected with the 
wheel. He proposed to apply it to grind the materials 
for gunpowder, raise water by buckets, &c. ; and has 
given ^descriptions of machinery for effecting these 
purposes. The idea may probably have been taken 
from observing the force with which steam issues from 
the mouth of a common kettle. Bishop Wilkins, in his 
** Mathematical Magic/' 1648, proposed a somewhat 
similar plan for turning a spit for roasting meat. 

179. These machines, however, could have very lit- 
tle power, as, from the low specific gravity of steam, it 
has little impetus, even though moving with great ve- 
locity ; and, moreover, it is so rapidly condensed by 
cold^ and so much resisted by the air, which is about 
twice as heavy, that it can have very little force of 
percussion. Accordingly, this mode of applying steam 
has never come into practice. 



WORCESTER. 1 663. 

180. £dward Somerset, Marquis of Worcester, pub* 
lished, in 1663, a small work, entitled, " A Century of 
the Names and Scantlings of such Inventions as at 
present I can call to Mind, to have Tried and Per- 
fected," &c. In this work, (in which, he says, the 
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descriptions are " in such a way as may sufficiently in- 
struct me to put any of them in practice ;'* thus apolo- 
gizing for their brevity^ while he promises^ in some 
future work^ which never appeared^ however^ to give 
instructions for executing his designs^) the following 
passages occur^ of which the firsts and^ there is every 
reason to believe^ the others^ refer to a steam-engine : 
-^^' LXVIII. An admirable and most forcible way to 
drive up water by fire> not by drawing or sucking it 
upwards — for that must be^ as the philosopher caUeth 
it^ intra sphaeram actMtatis, which is but at such a 
distance. But this way hath no bounder^ if the ves- 
sels be strong enough ; for I have taken a piece of a 
whole cannon^ whereof the end was bursty and filled it 
three quarters full of water^ stopping and screwing up 
the broken end^ as also the touch-hole, and^ making 
a constant fire under it> within twent> -four hours it 
bursty and made a great crack ; so that^ having a way 
to make my vessels^ so that they are strengthened by 
the force within them^ and the one to fill after the 
other^ I have seen the water run like a constant foun- 
tain stream^ forty feet high; one vessel of water^ 
rarified by fire^ driveth up forty of cold water. And 
a man that tends the work is but to turn two cocks^ 
that^ one vessel of water being consumed^ another 
begins to force and refill with cold water^ and so suc- 
cessively; the fire being tended and kept constant^ 
which the self-same person may likewise abundantly 
perform in the interim between the necessity of turn- 
ing the said cocks." This is termed a fire-water 
work in the index. — Article XCVIII. ^' An engine so 
contrived that^ working the pritnum mobile forward 
or backward^ upward or downward, circularly or cor- 
nerwise, to and fro, streight, upright, or downright, 
yet the pretended operation continueth and advanceth, 
none of the motions above mentioned hindering, much 
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lew atopping the other ; but, unsnimoualy, and vith 
harmony agreeing, thej all augment and contribute 
■trength unto the intended work and operation ; and, 
therefore, I call this a lemi-omnipolenl engine, and do 
intend that & model thereof be buried vith me." This 
renatile ;irimuni mobile muHt, Hurely, be steam ; and, 
in article C, he apeaks of a nater-work, " by many 
years' experience and labour, bo advantageously by me 
contrived, that a child's force bringeth up, an hundred 
feet high, an incredible quantity of water, even two 
feet diameter, bo naturally, that the work will not be 
beard even into the next room." 

181. This engine iB supposed to have confiisted of a 
boiler, having two steam tubes proceeding from it to 
two vessels, which had apertures to admit alternately 
the wAter to be raised, and the steam to raise it— 
these apertures being governed by cocks, to be alter- 
nately opened and closed. The annexed cot repre- 
sents one of these forcing 
resiels, in which a is the 
steam tube from the boiler, 
6 the tube for admitting the 
water to be raised, and e the 
tube by which the water is 
_ " forced out of the vessel. It 
has been questioned by some 
whether he ever had con- 
structed such an engine as 
he describes. Of this there 
can be no doubt, however, 
from the report of a foreign- 
er, Cosmo de Medicis, (who 
saw it in operation,) from 
the exertions his widow 
made to get it introduced 
into use, (from which we 
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may infer^ at least, that she had some ocular proof 
of its efficacy,) and other circumstances. 

182. Lord Worcester was a devoted adherent of the 
Charleses I. and II., in whose cause he had lost his 
fortune and estates. He was in exile after the ascend- 
ency of Cromwell, till 1656, when, coming to London 
on some secret mission from Charles, he was discovered 
and imprisoned in the Tower, whence he was liberated 
at the Restoration. During his confinement, he pro- 
secuted his mechanical studies, which were not new to 
him, however, as he had always had a taste for me- 
chanics. In the dedication of his book to the Parlia- 
ment, he speaks of an " unparalleled workman, both 
for trust and skill, Caspar Kaltoff, who hath been these 
five-and-thirty years as in a school under me employed." 
Lord Worcester was evidently a man of considerable 
mechanical genius and knowledge ; and, had he done 
more and talked (or boasted) less — ^had he explained 
clearly, and published any of his numerous schemes — 
he might have assisted, in no small degree, in forward- 
ing the invention of many ingenious machines, now 
come into use. But, instead of instructing mankind 
how to carry any one of his numerous schemes into 
effect, he contented himself with the glory of blazing 
forth a catalogue of what he could do. 

183. The claims of the Marquis of Worcester to be 
considered the inventor of the steam-engine, have been 
the subject of much discussion. It is clear, from the 
description, that he had the idea of the elastic force of 
steam, pressing water upwards in a tube, as De Caus 
and Porta had ; indeed, it is most probable that he 
derived his knowledge from the work of De Caus, 
which was published at Paris in 1623. There is every 
reason to believe that he had used a separate vessel 
for forming the steam from that which contained the 
water to be raised, as Porta and Kircher had. The 
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leparate boiler was a most important addition to De 
Cans' plan. Moreover^ he constructed an engine^ and 
proclaimed its applicability, as a moving power, to a 
variety of purposes. But his description is so meagre 
and obscure that it is doubtful if it were intelligible 
toothers at that time. It is extremely probable that 
Papin, who spent a long time in £ngland, had seen 
the *' Century ;" and, although that philosopher had 
much precise knowledge of the nature of steam, was 
the inventor of the Digester, and was labouring to 
introduce steam in its two modes of action, (by its 
elastic force and its condensation,) in an engine for 
raising water ; yet he seems never to have entered on 
the track which the '^ Century" must have pointed out 
^aery clearly y if understood at all, Worcester never 
exhibited his engine to any public body; never gave an 
intelligible account of it. It is not clear, from the 
notice in the '' Century," whether he meant two 
forcing vessels and one boiler (as is generally sup- 
posed ;) two boilers and one forcing vessel ; one 
boiler and one forcing vessel; or two vessels with 
fire applied alternately to each ; and it is questionable 
if any engine adapted to his description, on the most 
favourable construction, could ever have come into 
general use — the quantity of fuel consumed would 
have been so great. Indeed, the only part of Savery's 
engine (which embraces Worcester's) which has turned 
out workable, is that in which the water is raised by 
the atmospheric pressure— a plan which Worcester 
does not seem to have been aware of. In proposing the 
application, he made a step in advance of Porta ; the 
separate boiler was a step in advance of De Cans. 
But^ as he kept his plan secret, did not develope the 
principle^ did not give directions for applying it, far 
less taught mankind how to work it profitably, he can 
have no claim to be considered the inventor of the 
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steam-engine. All we can say of him is^ that^ most 
probably^ he knew an improved form of De Cans' plan 
for raising water. 



M ORLAND. — 1 683. 

184. About the above period^ Sir Samuel Morland is 
said to have exhibited^ before Louis XIV., at St Ger- 
mains, a method of raising water by means of steam ; 
and, although there is no record extant of the parti- 
culars of his plan, it is evident, from the following 
extract from a work which he wrote in French, in 1683, 
and which is preserved in manuscript in the Harleian 
Collection of MSS. in the British Museum, that he was 
aware of that most valuable property of steam, its 
elastic power when confined ; and must have experi- 
mented on the subject in a way which would Indicate 
that he had actually constructed an efficient steam- 
engine for raising water. 
" The Principles of the New Power of Fire, invented by 

Chevalier Morland, in the year 1682, and presented 

to his Most Christian Majesty, 1683. 

" Water being evaporated by the force of fire, these 
vapours shortly acquire a greater space (about ^000 
times) than the water occupied before; and, were 
it to be closely confined, would burst a piece of 
cannon. But, being regulated according to the rules 
of statics, and reduced by science to measure, weight, 
and balance, then they carry their burden peaceably, 
like good horses, and thus become of great use to 
mankind, particularly for raising water, according 
to the following table, which shews the number of 
pounds that can be raised 1800 times per hour, to six 
inches in height, by cylinders half filled with water, 
as well as the different diameters and depths of the 
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said cylinders." These tables need not be given 
here. 



PA PIN. — 1690. 

185. Denis Papin^a Frenchman^ Professor of Matbe- 
maticB at Marburg^ and author of many philosophical 
papers and ingenious mechanical inventions^ has been 
claimed by the French as the inventor of the steam- 
engine ; and there are certainly some grounds for this 
claim^ or^ at leasts for assigning to him a considerable 
■hare of the merit. There is no one individual, except 
James Watt^ who can be termed the inventor of the 
steam-engine. Among those who preceded Watt^ and 
who each contributed a little, Papin is certainly one of 
the foremost in point of inventive power. Although 
his apparatus was so clumsy and troublesome that it 
may be said to have been almost impracticable for use 
on the large scale, he was yet the first who shewed 
that a piWon working tight in a cylinder might be raised 
by baiiing a little water under it ; and that, when raised, 
by cooling and condensing the vapour which had raised 
it, a vacuum would be formed below it, when the atmo^ 
sjAerie pressure would force it down. In some of his 
writings iji the " Acta £ruditorum" of Leipsic, of 1690, 
he describes this engine, and says — ^' Water has the 
property^ when changed into vapour, to spring like the 
air^ and afterwards to recondense itself so well, by 
cold^ that there remains no appearance of this force or 
q>ring." And this engine was noticed in the '' London 
Philosophical Transactions," for 1697, in the following 
words : — " A method of draining mines, where you 
have not the conveniency of a near river to play the 
aforesaid engine — [one with air-pumps and cylinders. 
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connected by an air-pipe] — where^ having touched 
upon the inconveniency of making a vacaum in the 
cylinder for this purpose with gunpowder^ (according 
to his first scheme of 1687^) he proposes the alternately 
turning a small surface of water into vapour^ by fire 
applied to the bottom of the cylinder which contains 
it^ which vapour forces up the plug [piston] in the 
cylinder to a considerable height^ and which (as the 
vapour condenses^ as the water cools when the fire ia 
taken away) descends again by the air's pressure^ and 
is applied to raise the water out of the mine." 

1 86. Thus^ Papin seems to be the first who suggested 
the grand idea of using steam to produce a vacaum by 
its condensation^ thereby giving effect to force acting 
on a movable piston. The alternate application and 
removal of the fire^ however^ would render the machine 

« very inconvenient. If his own inventions were unsac- 
cessful^ however^ he did much in preparing the way for 
others. 

187. This might be regarded as a rude sketch of the 
atmospheric-engine of Newcomen^ who was acquainted 
with and studied Papin's designs — so very near it, 
indeed^ that there is every probability that Papin 
would have invented the atmospheric-engine, had his 
attention not been drawn to other researches. Indeed, 
he gives some calculations as to the power of a large 
engine on this plan, and suggests it as applicable to 
raising water, and propelling vessels against wind and 
tide— «o that he certainly gave the first idea of the aifmh 
spheric engine, and must be regarded as one of the 
pioneers who prepared the way for the steam-engine. 

188. Papin had proposed to make the pressure of the 
air effective as a source of moving power, by producing 
a vacuum in a cylinder by an air-pump, the air-pump 
being worked by a water-wheel ; and, by tubes con- 
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neeted with the part where the vaGuum was formed^ he 
proposed to transfer to other machinery at a distance 
the power thus got from the fall of water. He also tried 
the explosion of gunpowder for producing the vacuum ; 
•nd then the idea of using the vapour of water for this 
psrpose occurred to him. 

1S9. Papin was the inventor of the Safety- Valve^ 
and of the Dzoesteb^ known hy his name> and in use 
at the present time ; the safety-valve was devised for 
the digester, but has now come into general use for 
more important purposes. In the Digester^ (see para- 
graph 128,) by confining the steam, a greater heat is 
procured than can be had from water allowed to boil 
in an open vessel; and which, as he himself says, 
" extracted marrowy nourishing juices from bones and 
beef, even the oldest and hardest cow-beef ; and other 
mestfl, whose homy and shrivelled fibres baffled the 
skill of the most experienced cooks to prepare for 
mastication with common boilers, when done in his 
Digester, came forth succulent and pulpy." We shaU 
hmve to recur to Papin. 



SECTION II. 
8AVERY.— .1698. 

100. Of those who proposed to raise water by tlie 
fense of steam applied directly to the water*— a plan ul- 
timately found unprofitable, and abandoned — we must 
award the greatest share of merit to Thomas Savert, 
the first who came before the public with an intelli- 
gible plan of an engine fit for practical purposes, 
worked by steam. AM previous to Savery only threw 
out hints, or constructed experimental models, useless 
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on the large scale. Branca and Papin were on totally 
different tracks from Savery^ Worcester^ and De Caus. 

191. Porta's Fountain shewed that confined steam 
might be made to raise water for a jet ; Db Caus pro- 
posed to apply this power to raise water for purposes 
of utility, giving no plan^ however^ except the very 
inconvenient one of the apparatus used to illustrate 
the principle ; Worcester^ if he did anything, talked 
of an improvement of the method of De Caus ; and, 
what these had talked about, and that obscurely too, 
Sa very DID; adding the application of the atmospheric 
pressure, which none of these had thought qf. It is im- 
possible to know how far each was original, or only im- 
proved upon a previous plan; and it is difficult to assign 
to each his just due of praise ; but when one (Porta) 
points out a principle, another (De Caus) suggests its 
application to practice, a third (Worcester) says that 
he knows how to apply it, and a fourth (Savery) in- 
structs men how to apply it, the latter, surely, is 
entitled to the chief share of the merit. 

192. Savery 's engine is a very beautiful and inge- 
nious invention. He got a patent for it in 1698, call- 
ing it an invention for " raising water, and occasioning 
motion to all sorts of mill-work, by the impellent 
force of fire;" exhibited a model before the Roval 
Society in 1699, and published, in 1702, a small work, 
called '' The Miner's Friend ; or, an £ngine to Raise 
Water by Fire, Described ; and the Manner of Fixing 
it in Mines ; with an Account of the Several Uses it 
is applicable unto, and an Answer to the Objections 
made against it. Printed at London, 1702. By 
Thomas Savery, Gentleman." Savery was Treasurer 
to the Commissioners for Recovering the Sick and 
Wounded, and was called *' Captain" by the miners — 
this term being often applied by them to superintend- 
ents or engineers engaged about mines. 
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103. Skrery'a engine irill ba uadentwid from the 
and description. 
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Let A 1 A 2 represent sections of two large copper 
vessels^ connected with the boiler in which the steam 
is formed by the tubes a 1 a 2 at the upper part; 
communicating at the lower extremities by the tubes 
/1/2, with the lower tube e, the open extremity of 
which dips into the water to be raised^ and called a 
suction-pipe ; and communicating also with the upper 
tube 6^ cfdled the force-pipe, which conveys the water 
to its destination. 

194. There are four valves^ clyC2,dl,d2, opening 
upwards — that is^ which yield readily to water press- 
ing upwards^ and allow it to ascendy but instantly shut 
by any force applied from above^ and thus do not per- 
mit water to descend through them. These valves 
are most ingenious contrivanceis^ and are essential in 
the construction of all machines in which liquids or 
gases circulate, as the air-pump^ Bramah press, com- 
mon water-pump, force-pump, steam-engine. They 
are exactly similar in action to the valves found at the 
apertures of the cavities in the hearts of animals, for 
directing the course of the blood. 

195. Upon the tubes a 1 a 2 are cocks, by which 
the connection between the copper vessels and the 
boiler can be opened and shut at pleasure. ^ is a 
cistern of cold water, with a tube, t, coming from it, 
which can be turned so as to pour water over either of 
the copper vessels. 

196. To set the engine at work, then, steam is ad- 
mitted into one of the copper vessels — say a 1. It 
enters, and drives out the air by the valve, c 1. When 
full of steam, the connection with the boiler being 
closed, the pipe, t, is brought over the vessel A 1, and 
water from the rose jet at its extremity, poured upon 
A 1. This condenses the steam in the interior, and 
thus forms a vacuum, or a space containing vapour of 
very small elastic force. (131.) Immediately, the 
water (pushed by the atmospheric pressure) rushes up 
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in the mctionpipe, (e), forces open the valve d l^and, 
passing through /t^ enters the vessel A 1^ and ascends 
in it until it attains such a height that its own pres- 
sure^ together with the elastic force of any uncon- 
densed vapour^ balance the atmospheric pressure. 
This is the first part of the process, exactly similar^ 
it will be seen^ to the experiment described in para- 
graph 40. 

197. The vessel A^ being thus filled^ or nearly filled^ 
with water, the connection between it and the boiler 
is again opened. The steam^ issuing from the boiler, 
presses upon the surface of the water in A I, and 
expels the water, which, having no other course, 
is forced through the valve c, into the force-pipe 6, 
where it ascends, and is removed as required. This 
is the second and last part of the action of this engine^ 
exemplifying, on the large scale^ the experiment 
described in paragraph 107. 

198. These two vessels were used alternately for the 
preceding operations — the force of steam emptying 
one (A l) of water, by pressing the water up the force- 
pipe ; while, in the other (A 2), the vacuum was being 
formed^ and the atmospheric pressure was filling it 
with water. Then, the first (A l) being full of the 
steam which had forced out the water, the jet of water 
was turned upon it, while steam was admitted to press 
upon the water in the other (A 2), the engine being 
thus kept in continual action^ or, at least, with very 
little intermission. 

- 199. There is little of interest in the boiler used for 
this engine. The boilers of Newcomen and Watt's 
engines^ will be fully described afterwards. The 
gauge pipes for ascertaining the quantity of water in 
the boiler, were the invention of Savery^ and he 
applied to his boiler the safety-valve, which was con- 
trived by Papin for his Digester. 
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SOO. Savery's engine is a very beautiful piece of 
mechanism; but, as it never came extensively into 
use, and, though afterwards improved by Desaguliers 
and others, was abandoned upon the appearance of 
Newcomen's, we shall do little more here than point 
out briefly the defects under which it laboured, as well 
as the merits of its ingenious inventor. 

901. By condensing the steam, and thus giving 
effect to the atmospheric pressure, he raised water 
cheaply and easily to a height of about twenty-sixfeet 
above its level, a dear gain of power ; and^ by the 
force of steam, he was able to elevate this water sixty- 
four feet higher ; thus raising it, in all, by the combin- 
ation of the two modes, ninety feet above its level, 
certainly a great step in advance of any previous 
method. 

202. Savery suggested the application of his engine, 
also, to raising water for working mills, raising water 
to houses for domestic purposes, and extinguishing 
fires, supplying cities with water, draining fens and 
marshes, propelling ships ; but he does not appear to 
have drawn out or published a plan for any other 
application, except that of raising water. Savery died 
about 1717. He was much esteemed and well spoken 
of by his contemporaries. He had the satisfaction of 
seeing his invention applied to practice. His engine 
was actually applied to draining mines and raising 
water for gardens, as we learn from statements by 
himself and others. 

203. But it laboured under considerable disadvan- 
tages. One of the principal of these was, that it must 
be erected not more than about twenty-seven or 
twenty-six feet above the level of the water to be 
raised. Were the vacuum perfect in the copper ve8« 
sel, the atmospheric pressure would fill it with water, 
if its upper part were 33.87 feet above the water to be 
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raised. But the vacuum is never perfect ; some vapour 
always remains^ opposing the atmospheric pressure; 
so much that it was found that the water could not be 
raised much above twenty-six feet. Here^ then, was 
a great drawback on the engine ; so near the bottom 
of a mine, it would be very apt to be destroyed by the 
water rising, especiaUy if, from any cause, its action 
should be suspended for a day or two. 

204. Next, engines would be required at every 90 
feet, as the vessels could not bear the enormous pres- 
sure of steam (nor the boilers the heat) which would 
force water up to a height greater than 64 feet. 64 feet 
added to the 26 feet which the water was raised by 
atmospheric pressure, make 90. To balance the at- 
mospheric pressure, the steam which acts on the water 
in the copper vessel must have an elastic force of 14.7 
pounds on the square inch. Of course, it exerts no 
force in pressing the water up the force-pipe till it ex- 
ceeds the atmospheric pressure. As the atmospheric 
pressure is equal to a column of water, 33.87 high, 
the steam must acquire the elastic force of another at- 
mosphere — 14.7 pounds per square inch more — to 
force the water to a height of 33.87 feet in the force- 
pipe ; and 14.7 pounds more, to raise it.67.74 feet ; in 
all, 44.1 pounds on the square inch, an enormous pres- 
sure on the boiler and copper vessels. 14.7 pounds of 
this are balanced by the external atmospheric pres- 
sure, leaving a bursting pressure of 29.4 pounds on 
every square inch. The vessels cannot with safety 
bear more than this — so that the action of the engine is 
limited to raising water 90 feet above its level ; hence 
in mines, an engine would be required for every 15 
fathoms (90 feet,) and the whole would be suspended 
when one got out of order. Indeed, Mr Savery him- 
self recommended that the engines should not be ap- 
plied for a lift of more than from 60 to 80 feet. 
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905« In the third place^ the engines required to be 
small — large ones could not be made sufficiently 
strong— -so that they raised but a small quantity oi 
WBter, and^ at each 15 fathoms^ several would be re- 
quired. 

206. Lastly^ the expense of fuel for these engines 
was very greats from two causes : — First, The high 
pressure of the steam, which (by the table in par. 
126,) would require to be of the temperature 274^ 
Fahrenheit, in order to produce an e£fectiye pressure 
of 44.1 pound on the square inch ; and, second, from 
the waste of heat in the alternate cooling and heating 
of the copper vessels, and in the condensation of the 
steam before it heated the surface of the water in the 
copper vessel up to its own temperature. There was 
also considerable risk of explosion. 

207. The part of Savery's engine, however, in 
which water is raised by atmospheric pressure, has 
been advantageously applied to raise water short dis- 
tances, as twenty to twenty-five feet. In this case, the 
engine was made self-acting, and there was an lur- 
valve by which the air which entered with the steam 
and water was blown out — this was necessary that the 
vacuum might be as oomplete as possible. Several 
engines were constructed upon this plan by Mr Rigby 
in Lancashire, and one in London. The water raised 
turned an overshot water-wheel by which the machin- 
ery was impelled in the usual way. In some situations. 
Bavery's engine might still be used with advantage. 
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SECTION III; 
PAPIN AND DESAGULIERS. 



Papin. — 1707. 

908. In 1707^ Papin published^ at Cassel^ a tract en. 
titled ''New method for Raising Water by the Force of 
Fire." His plan was essentially the same as that of 
one part of Savory's — that in which the water was 
raised by the elastic force of the steam. The chief 
differences were> that the vessel in which the steam 
acted on the water was cylindrical^ and that the steam 
did not come into direct contact with the water^ but 
was separated from it by a movable float or piston. 
Thia was a 'decided improvement^ less steam being 
thereby lost by condensation. The steam^ after act- 
ing on the water^ was permitted to escape into the air. 
This engine does not possess much merit : not using 
the steam for making a vacuum thereby to take ad- 
vantage of the atmospheric pressure^ it was decidedly 
inferior to Savory's^ and never came into use. 

909. Papin proposed this engine as a means of giving 
motion to a water- wheels the water raised being made 
to fall upon the floats of the wheels and turn it round 
in the usual manner. That the stream might be con- 
tinuous^ an air-vessel was interposed between the 
opening from which the water issued to the wheel and 
the receiver from which it was expelled by the steam. 
The air became compressed in the air-vessel, and by 
its elastic force in expanding again, pressed out the 
water in a continuous stream. The work in which 
this engine was described, was not published tUl nine 
years after the date of Savery's patent, and in it Papin 
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admits that he had seen the engraving of Savery s 
engine ; so that^ considering how little it is superior 
to the engines of De Cans and Worcester^ and how far 
inferior to that of Savery^ which certainly had the ad- 
vantage in point of priority of discovery, Papin can- 
not, on account of thU engine, be entitled to a place 
among the inventors of the steam-engine. His claims 
to a place in that list must rest on his first contriv- 
ances, described in paragraph 185-189. 



DESAGVLIEBS.— >1718. 

210. Desaguliers — well known as the author of a 
work on natural philosophy^ entitled, '' Course of 
Experimental Philosophy," published in 1743 — made 
some valuable improvements in Savery's Engine, which 
gave it as great efficiency, perhaps, as it was capable 
of, and enabled it to be employed in some circum- 
stances with advantage. He employed only one re- 
ceiver, and condensed the steam by throwing a shower 
of water within the receiver, instead of upon its ex- 
ternal surface. He thought that, by employing only 
one receiver, and confining the steam in the boiler 
while the receiver was being filled by the atmo- 
spheric pressure, the steam would acquire such strength 
that, upon being turned into the receiver, now filled 
with water, it would press up a considerable portion of 
water even before the upper surface of the water had 
become much heated ; and that thus there would be 
less loss of steam than in the original plan, where the 
steam acted without intermission, being thrown into 
one receiver immediately after it had pressed the water 
out of another. It is then weak, requires some time 
to recover its force, and in this time must heat to a 
considerable depth the stratum of water at the surface. 
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In experimenting on the subject with a model that 
could be worked either with one or two receivers^ it 
was found that one receiver could be discharged of 
water thrice in the same time in which two receivers 
could be discharged once each. The simple engine 
would only cost about one-half of the engine with two 
receivers, and would do about one-third more work. 

211. About the year 1718^ Desaguliers made one of 
these engines for the Czar^ (Peter the Great,) which 
was erected in his gardens at St Petersburgh. This 
engpine raised water twenty-nine feet by suction, (the 
atmospheric pressure,) and eleven feet by the force 
of steam — forty feet in all. With others, used for 
forming artificial fountains in gardens, &c., water 
was raised fifty-three feet in all — twenty-nine by the 
atmospheric pressure^ twenty-four by the force of 
steam. 

212. *' Savery's Engine," says Farey, '* may be use^ 
fully employed for raising water to a height of thirty 
or thirty-five feet, which can be done principally by 
suction, with only a very slight pressure for the re- 
mainder. Several small engines have been erected 
upon this plan; and, where the water which is raised 
requires to be immediately heated, they are very 
capital machines ; because all the loss of heat being 
thrown into the water, warms it, before it enters the 
boiler in which it is to be heated, so as to economize 
the whole of the heat — for instance, for the purpose 
of raising water into the evaporating boilers of a salt 
or alum work, or for a brewery ; they are also parti- 
cularly applicable for raising water for warm baths. 

'^ A small engine of this kind was made by M. Gen- 
jembre, of Paris, in 1820^ for raising water for a float- 
ing bath in the river Seine, and answered the purpose 
completely." 

213. Desaguliers observes of his engine — ^in contrast- 
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ing it with Newcomen's^then coming into general 
" Saver/s Engine, on my plan, consists of bo few parts 
that it comes very cheap in proportion to the water it 
raises ; hut has its limits. Newoomen's Cylinder-Engine 
has also its limits the other way: it must not be 
too small ; for then it will have a great deal of frie- 
tion, in proportion to the water that it raises, and will 
cost too much, having as many parts as the lai^^est 
engines." 

214. For small quantities of water to be raised 
moderate heights, (twenty-five to forty feet,) Savery's 
engine, as improved by Desaguliers, may, in some sita. 
ations, be still advantageously employed. The first 
cost is trifling ; and it is little liable to go out of order, 
or need much for repairs. 



SECTION IV. 
NEWCOMEN AND CAWLEY.— -1705-13. 

Atmospheric Engine, 

215. The disadvantages under which the engine of 
Savery laboured, notwithstanding the ingenious ad- 
vances he made in the application of steam, were such 
as greatly limited the sphere of its action, and ren- 
dered it of not much value towards the great object 
for which steam was at first applied as a moving powers- 
raising water from deep pits and mines. 

216. In the next great improvements effected on 
the steam-engine, those of Newcomen and Cawley, 
the plans formerly in use were abandoned, and re- 
course was had to the method suggested by Papin's 
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£nt project— -viz., that of a piston pressed down in a 
cylinder by the atmospheric pressure, a vacuum having 
previously been formed below the piston by filling the 
space with steam^ which was then to be condensed. 
That Papin's scheme gave the hint to Newcomen^ 
there are some grounds for believing^ as it is known 
that Dr Hooke> who was intimately acquainted with 
Papin's schemes^ had considerable intercourse with 
Newcomen on the subject. But^ if we allow that the 
hint was taken from Papin^ Newcomen deserves great 
credit for perceiving its capabilities^ after it had been 
abandoned by its author and others^ and invention had 
been turned on a totally different tracks and for the 
various adjustments by which it was transformed ^om 
an imperfect and impracticable project^ to a machine 
of real value to mankind. Newcomen was an iron- 
monger at Dartmouth^ and Cawley a plumber there. 
They took out a patent in 1705^ in which Savery was 
associated with them^ having claimed a share in the 
invention on account of the principle of creating a 
vacuum by the condensation of steam^ which formed a 
part of his patent engine. In 1713^ they had made 
such progress as to have good working engines. 

217. Newcomen and Cawley were the first who ar- 
ranged the moving power of the engine in such a way 
that the steam did not act directly on the water to be 
raised^ as in Savery's or in Papin's second engine. This 
indeedconstituted the first distinct step in the applica- 
tion of steam as a general moving power. The water was 
raised by means of a common suction-pump^ which was 
worked by the engine^ instead of by horses^ as former- 
ly. The engine consisted of three principal parts :^1 st^ 
The Boiler, a separate vessel in which the steam was 
generated; 2d, The Cylinder^ in which the steam was 
condensed ; and, 3<l, The Beam^ whose movements fol- 
lowed the alternate admission and condensation of the 



steam, ktid which communicated the motion to tbe 
rod of the pump. The figure below (Fig. 13) repre- 
sents, in section, Newcomen's or tbe Atmospheric En- 
gine. 




SIB. The boiler (which is seen In the accompanyiog 
diagram, below the cylinder, and marlced A) is a lai^ 
iron vessel, of proportionate strength and thickness. It 
U placed over a furnace, and in it the water is heated 
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and converted into steanu From the upper part of it, 
a tube proceeds to a cylinder (a), conveying the steam 
there, to be condensed. This tube has fitted to it, a 
valve or sliding plate (y), which can be opened and 
shut with facility, and is called the regulator, or regu- 
lating valve. By it the communication between the 
cylinder and boiler is opened or closed as may be re- 
quired. 

SI 9. In the boiler, two tubes, or ^ati^«^tpe« (c c), each 
furnished with a stop-cock, are placed vertically, for 
the purpose of ascertaining the quantity of water in 
the boiler. It should contain water to the height of 
about two-thirds from the bottom ; that is, supposing 
the boiler three feet deep, the water in it should be 
about two feet deep. One of these pipes descends into 
the boiler somewhat lower than one-third from the 
top, being more than a foot long within the boiler, 
supposing it to be of the size first-mentioned. The 
other descends to a little less than one* third from the 
top. In short, the gaugc^ipes are made of such 
length that the extremity of the short one is a little 
above, and that of the long one a little below the pro- 
per level of the water. Accordingly, when the boiler 
is heated, if the water be at its proper level, on open- 
ing the cocks of the two gauge-pipes water will be dis- 
charged from the longer one, and steam from the 
shorter one. If the water be too low, steam will issue 
from both pipes ; if too high, water will be discharged 
from both pipes. The water rises in and is discharged 
from the pipes by the elastic force of the steam which 
occupies the upper part of the boiler. This method of 
ascertaining the level of the water, was proposed by 
Savery. It is still in use. 

S20. On the side of the boiler opposite to that of the 
gauge-pipes, is the safety-valve (v), loaded to the ne- 
cessary extent, but not much in this engine, (about 

K 2 
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lib. per square inch^) as it works at a low pressure. 
The action of the safety-valve will be explained in the 
description of Watt's engine. 

221. Immediately above^ aiid communicating with 
the boiler^ by the tube between them^ is the Cylin- 
der (a.) In this works the Piston^ by the descent 
and ascent of which the motion is procured. The 
piston is a solid cylinder^ broad and shallow^ and 
fitting accurately into the large cylinder; the sur- 
faces of each being very smooth, so that the piston 
can slide easily up and down; but so closely fitted 
that no air or steam can pass between them. The 
cylinder is open at the top^ and has three apertures 
below, besides the opening of the tube from the 
boiler. The first of these apertures, that at the left, 
is the mouth of the tube (At) which conveys the water 
to condense the steam. It is supplied with a valve, or 
stop-cock ((2), called the injection cock, which can be 
opened or shut at will; and it leads from a cistern 
(A) in which there is a constant supply of cold water, 
brought there from the well by the action of the 
engine itself. This water is pumped by the rod n, seen 
attached to the beam, and the water rises to the cis- 
tern through the tube 8 t. The water thus thrown 
into the cylinder, would gradually accumulate, along 
with that produced by the condensed steam, and im- 
pede the action of the piston ; it is, therefore, removed 
by a pipe (/) called the eduction-pipe, leading from 
the second aperture, at the bottom and opposite side 
of the cylinder, to a cistern of water below (/.) The 
eduction-pipe proceeds from the lowest part of the 
cylinder, and descends to a considerable depth. It 
has^ at its lower extremity, a valve opening outwards, 
so that no water can return from the cistern /, into 
the eduction-pipe. Another aperture technically 
called the blowing valve, or snifling valve (e), is situ- 
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ated nearly opposite to the mouth of the injection- 
pipe; it is supplied with a plug^ or valve^ opening 
outwards^ and permitting the exit, but not the entrance^ 
of any fluids. Through it the air is expelled before 
the engine is started, and also any air entering along 
with the steam (158), and that may remain in the 
cylinder after each condensation of steam. In order 
effectually to expel this air, the steam requires to have 
an elastic force somewhat greater than the air's pres- 
sure. From the cold-water cistern (A), which sup- 
plies water for the purpose of condensation, a small 
pipe (<) leads to the top of the cylinder, discharging 
water on the piston, to preserve it air-tight, on turning 
the stop-cock (t.) 

222. On the large support (u) is placed a lever, or 
beam, which turns as on an axis at its centre or pivot 
(o), like the beam of a common balance. At the one 
extremity of it, is an arch-head, to which a chain is 
attached. The lower extremity of this chain is con- 
nected to the piston-rod (r), which, being fixed to the 
piston (p), these parts will move simultaneously up 
and down. 

223. At the other extremity of the beam, which has 
a similar arch-head, another chain is attached, con- 
nected with the rod of the pump which is to raise the 
water. This pump-rod has a weight attached to it ; 
so that it is heavier and more than a balance for the 
piston-rod, piston, and friction of the piston in the 
cylinder ; and, accordingly, if other forces which may 
tend to elevate or depress the piston be in equilibrio, 
the weight will draw down the end of the beam to 
which it is attached, and elevate the other extremity 
of the beam — in which position they are shewn in the 
figure-page. The rod n, which works the pump for sup- 
plying water to the cistern, for condensing the steam, 
is attached to this part of the beam, near the end. 
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224. It now remains to describe the mode in which 
the engine is worked. The piston being at the top of 
the cyUnder, and the latter full of air, the regulating- 
yalve (jy) is opened, so as to admit the steam to the 
cylinder. The force of the air and steam push open 
the snifting-valve (e), through which the air and 
steam escape together. Soon^ the cylinder contains 
steam only. When this is the case^ the connection 
between the cylinder and boiler is closed; and the 
injection-cock ((/) is opened^ by which means a jet of 
cold water is thrown in upon the steam. This jet 
strikes upon the piston^ and falls from it like a shower 
through the cylinder^ and^ by condensing the steam, 
produces a vacuum in the cylinder below the piston. 
The atmospheric pressure, acting downwards on the 
upper surface of the pi9ton, not being now resisted by 
air, or vapour of any considerable force, presses down 
the piston to the bottom of the cylinder ; the atmo- 
spheric pressure on the upper surface of the piston 
being more than a balance for the effects of the forces 
tending to depress the other extremity of the beam. 
The piston-rod pulls down one end of the beam, and, 
of course, raises the other, which elevates the pump- 
rod, and thus lifts the water from the mine. The 
outer extremities of the eduction-pipe and snifting- 
valve, having valves or plugs that open outwards, the 
atmospheric pressure closes them effectually when the 
condensation in the interior takes place. 

225. The piston^ having now reached the bottom of 
the cylinder, the force of the atmospheric pressure 
(amounting to 14.7 pounds on every square inch of its 
upper surface) will keep it there, if no means be em- 
ployed to counterbalance this pressure. But, if force 
be applied on the lower surface, so that the pressure 
on both sides of it be made equal, it will be raised 
again by the greater weight of the pump-rod, which. 
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^escending^ causes the piston to ascend^ just as in a 
pair of scales^ nicely adjusted, any excess of weight 
thrown upon one causes the other to rise. For this 
purpose, the valve (jy) in the tuhe leading from the 
boiler to the cylinder, is opened, and the steam, which 
has been accumulating and acquiring strength during 
the descent of the piston, rushes in, blows open the 
snifting-valve, aids in expelling the water through the 
eduction-pipe, and presses upon the lower surface of 
the piston. By balancing the atmospheric pressure on 
the surface of the piston, the elastic force of the steam 
gives effect to the weights attached to the other end of 
the beam, which wiU then pull down the beam at that 
end, and elevate the piston. The beam, piston, &c., 
are now in the position shewn in Fig. 13. 

226. By the successive repetition of these operations, 
the engine is steadily worked. 

227. The condensed steam, and the water employed 
to condense it, are removed by the eduction-pipe (/) 
to the cistern (/), from whence, by a tube passing into 
the boiler, and opening near the bottom, the boiler 
may be supplied as required. The water thus supplied 
to it is warm, containing the heat of the condensed 
'Steam ; and it thus carries back a part of the heat which 
the steam conveyed from the boiler. This plan was 
first employed by Beighton, and is now practised in 
Watt's engines. 

228. The condensation of the steam had, at first, 
been effected by cooling the cylinder externally, as in 
Savery's Engine. The cylinder was enclosed by another 
cylinder, with a space between, into which space cold 
water was poured. Latterly, this was accomplished by the 
injection of cold water into the interior of the cylinder, 
the water thereby coming into direct contact with the 
steam to becondensed — a much moreefficacious method, 
and which is still employed. The discovery of this 
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simple and effectual plan of condensation was the re- 
sult of accident^ according to Desaguliers. '' One 
thing/' says he^ '' is very remarkahle. As they at first 
were workings they were surprised to see the engine 
go several strokes, and very quick together^ when, 
after a ^arch, theyfound a hole in the piston, which 
let the cold water in to condense the steam in the inside 
of the cylinder, whereas, hefore, they had always done 
it on the outside." This hint was followed up hy the 
condensing pipe for injecting water into the interior of 
the cylinder ; and thus the clumsy expedient of the 
double cylinder was avoided. There is no Bubstance 
which answers so well for condensing steam as water. 
Water has a high specific heat, (requires a great deal 
of heat to raise its temperature — see paragraph 148 ;) 
and, therefore, rapidly withdraws much heat from the 
vapour. 

829. The vacuum in this engine is produced by the 
condensation of steam below the piston. The steam, 
therefore, is not the direct cause of the power, but 
becomes so indirectly, furnishing, by its condensation, 
an easy method of forming a vacuum, which gives 
effect to the atmospheric pressure. As the pressure 
of the atmosphere, then, is the real moving power in 
Newcomen's Engine, it has been termed the Atmo- 
spheric Engine. At one stage of the action of this 
engine, however, the steam is used to give power-— 
namely, where it is admitted to act on the lower sur- 
face of the piston when at the bottom of the cylinder, 
neutralizing the atmospheric pressure by its elastic 
power, and thereby giving effect to the weight at the 
pump-rod, which then raises the piston. In fact, being 
of an elastic force, greater than that of the air's pres- 
sure, it actually does aid, though slightly, in presnng 
the piston upwards. 

S30. As the pressure of the air acts with a force 
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equal to 14.7 pounds on the square inch^ the force 
exerted by this engine will be in proportion to the 
number of square inches in the surface of the piston. 
But the full amount of the atmospheric pressure can- 
not be taken as the exact measure of the force exerted 
—(admitting the vacuum to be*complete> which^is 
never the case.) The effect of friction between the 
piston and cylinder will diminish the power. Also^ 
the weight attached to the pump-rod^ in order that it 
may counterbalance the piston^ the excess of which 
over the weight of the piston must be neutralized, 
will^ to the extent of that excess^ diminish the power 
to be procured from the descent of the piston. Fur- 
ther, as water, even at low temperatures, and rapidly 
under diminished pressure, passes into vapour, vapour 
will remain in the cylinder, and, by its elastic force, will 
tend to resist the descent of the piston, and diminish 
the force of the engine. It has been estimated that 
the elasticity of this vapour would be about four pounds 
per square inch, the temperature being from 140° to 
160° within the cylinder. Subtracting this, and the 
effect of the other obstacles to the full force of the 
air's pressure being rendered effective, it has been 
estimated that a power would remain equal to about 
seven or eight pounds on each square inch of the sur- 
face of the piston. In general, this engine has been 
worked in such a manner as to raise a load of seven, or 
seven and a half pounds, for every square inch of the 
surface of the piston. 

231. In this manner, Newcomen's Engine worked. 
At first, there was one serious difficulty under which it 
laboured, in common with Savery's^the necessity of 
a constant attendant to open and shut the valves 
(the r^pilator-valve and injection-cock), as the piston 
ascended and descended ; for, unless this was done 
with great regularity, the engine would not work with 
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any steadiness or precision. These valves were worked 
by levers^ which were raised by the attendant when 
necessary. One of them^ the injection-cock^ was^ 
according to Desaguliers, worked by the engine itself. 
He says — " They used to work with a buoy to the 
cylinder, enclosed in* a pipe^ which buoy rose, when the 
steam was strong, and opened the injection." Then 
he mentions that a boy, named Humphrey Potter, 
who attended the engine in 1713, ''Added (what he 
called scoggan) a catch, that the beam always opened." 
Potter, it seems, to save himself the trouble of con- 
stant watching, seems to have contrived to make the 
engine work the levers of the valves by strings attached 
to the beam^ which, by its movements, caused the 
strings to open and shut the valves. Further improve- 
ments were made by Beighton, an engineer, who fixed 
to the beam a rod called a plug-frame, with pins or 
catches in it, which opened and shut the valves with 
great precision and regularity, so that no attendant 
was required for that purpose, and the engine thus 
worked itself. A plan similar to Beigh ton's was at first 
employed by Watt to work the valves of his engine. 
Making the engine itself work the valves was a very 
great step towards the formation of an efficient engine. 

232. The engine was afterwards (1772) improveid in 
many subordinate matters by the celebrated Smeaton. 
He applied his skill and scientific knowledge to deter- 
mine the proper proportions of the various parts, and 
thus constructed engines which performed more work 
than any previous ones. Otherwise, no very material 
changes were effected upon it, excepting the adapting 
to it a crank and fly-wheel, to procure from the reci- 
procating vertical motion of the piston a continued 
circular motion. This was done about the year 1780. 

S&33. The principal advantages of the atmospheric 
engine are — the almost unlimited extent of the power 
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which coald be commanded, as this depended solely 
on the range of surface of the piston ; the low degree 
of temperature and pressure at which the steam was 
produced (about 216^ F.^ and not greater than one 
pound on the square inch above the atmospheric pres- 
8ure)> consequently there would be little risk of ex- 
plosion^ or of injury to the boiler from the temperature 
applied ; the simple mode in which the condensation 
was effected; and^ lastly, its self-acting power in open- 
ing and closing the valves. 

234. The leading defects of Newcomen's engine 
were— Ftr«/, The alternate heating and cooling of the 
cylinder, during which a great quantity of steam was 
lost. When the cylinder has been cooled down by the 
cold water thrown into it for the purpose of condensing 
the steam^ it must again be raised to the temperature 
of steam before any steam can remain in it. In effect- 
ing this, there must necessarily be a great loss, as the 
steam which effects this rise in temperature in the 
cylinder will be condensed in so doing, until the cylin- 
der becomes so hot as not to condense it any more. 
Secondly, The quantity of air which rushes in during 
the depression of the piston by the atmospheric pres- 
sure, will, in like manner, tend also to cool the 
cylinder. A similar effect results from the action of 
the water poured on the piston to keep it tight. The 
total amount of heat lost in the atmospheric engine 
was estimated by Watt at three times as much as was 
applied to the efficient action of the engine. Lastly, 
in consequence of the temperature of the cylinder in 
which the condensation takes place, vapour of con- 
siderable elasticity exists in it^ and, by its elastic force, 
resists the descent of the piston. The vacuum might 
be made more complete by throwing in a very large 
quantity of injection water, and thereby cooling the 
cylinder more completely ; but^ then^ there would be 

L 
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a very great waste of steam in heating it up agaiOj 
while the great quantity of injection water required 
would be inconvenient. After many experiments and 
observations^ it was considered that it was most econo- 
mical to work the engine so as to have an effective 
pressure of seven to eight pounds on the surface of the 
piston; the vapour in the interior of the cylinder having 
an elasticity of about four pounds to the square inch. 

535. The merit of Newcomen's engine lay^not in in- 
vention^ but in the adoption and happy combination 
of contrivances already known^ so as to produce an 
engine^ which^ a« a whole, might be regarded as en- 
tirely new. Tredgold> speaking of Newcomen's ad- 
justments^ says ''that they produce all the differ- 
ence between an efficient and an inefficient engine^" 
Newcomen's engine was the first really efficient steam- 
engine— that is, the first engine which could be ap- 
plied profitably and safely to the most important pur- 
poses for which such machines were required at the 
time of its invention. 

536. Though now superseded by Watt's, Newconu 
en's engine ought not to be forgotten. Even had it 
never come into use, its value, as a great step in the 
progress of invention — as the raw material out of 
which Watt constructed his admirable engine — can- 
not be too highly estimated. But it was a machine of 
great practical utility. It came into operation about 
1712, and continued to be used ezdusively for about 
sixty-two years, (till 1774) ; and for a considerable 
time afterwards was much employed. In 1797, it wai 
still so much in use and so much esteemed, that a 
work was written upon it by Mr Carr. Thus, for 
nearly a hundred years, it was the chief hydraulic ma- 
chine ; and it was a century of unusual activity— of 
awakening energy in arts and manufactures. When it 
was first introduced, many valuable mines could not be 
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worked on account of theaccumulatidnof water. This 
engine not only rendered these available^ but enabled 
others to be deepened and new ones to be opened, 
which could not have been done vithoat some power- 
ful means of raising water, ohei^ safe, and manage- 
able ; which was not known till Newcomen's engine 
appeared. His engine was soon applied and con- 
tinued to be used with great advantage in the coal- 
mines of the north of England, the tin and copper 
mines of Cornwall, and the lead mines of Cumberland, 
&C. It was employed in cities for supplying the inha- 
bitants with water ; in 1758 and afterwards, it was 
used for raising water to drive water.wheels for mills; 
it was used for blowing the air into the blast-furnaces 
for smelting iron ore ; and was soon taken advantage 
of on the Continent for similar purposes. When these 
things are borne in mind, we must admit that society 
is under no small obligations to the inventor of a ma- 
chine which, for so long a period, was so essential an 
agent in procuring an adequate supply of materials ab- 
solutely necessary to a peopb advancing rapidly in 
numbers and civilisation. 



SECTION V. 

JAMES WATT.— 1705. 

237. In describing the engine of James Watt, the 
next to Newcomen's in the progress of invention, and 
that engine which is now known and used as The 
Steam-Enoine, we shall proceed at once to explain it 
in its more perfect form, reserving to the close of the 
section a sketch of its history and progress from the 
first conceptions of its author on the subject, and a 
short notice of his life. 
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238. The chief defect of the atmospheric engine 
was the great waste of steam^ arising principally from 
the alternate cooling andheating of the cylinder; also, 
the vacuum was naFer complete, so that there was a 
considerable resistance by vapour within the cylinder 
to the descent of the piston. In the year 1763^ while 
engaged in repairing a model of an atmospheric engine 
for the University of Glasgow, the attention of Watt 
was directed to the study of the steam-en^ne. He 
performed a good many experiments on the subject^ 
and found that, when much water was thrown in, to 
make a very complete vacuum, there was a great 
power obtained, but a great waste of fuel in heating 
the cylinder after being so much cooled — while, when 
little injection water was thrown in, vapour of consi- 
derable elasticity remained. Hence he sought for some 
method of condenHng the steam without cooling the 
cylinder ; and in the year 1765, it occurred to him 
" that, if a communication were opened between a cy- 
linder containing steam, and another vessel which was 
exhausted of air and other fluids^ the steam, as an ax« 
pansible fluid, would immediately rush into the empty 
vessel, and continue to do so until it had established 
an equilibrium ; and, if that vessel were kept very coal 
by an injection or otherwise, more steam would aa^- 
tinue to enter, until the whole was condensed." Thii^ 
a separate vessel for condensing the steam, was Watt's 
grand improvement on the steam-engine. 

239. By detaching the apparatus for condensation— 
that is, by having, separate from the cylinder, a vessel 
in which the steam was to be condensed, he accom- 
plished the two grand objects of preserving the cylin- 
der at an uniform high temperature, and of having a 
perfect vacuum within the cylinder, so that little re- 
sistance was offered to the descent of the piston. By 
preserving the cylinder constantly at the necessary 
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temperatare^ no steam was wasted in raising its tem- 
perature, as in the atmospheric engine ; and thus was 
solved the great problem in the stefun-engine—^/brmtn^ 
a vacuum without cooling the cyHwrfsr / thereby saving 
all the steam which was formerly used in heating the 
cylinder from the condensing point up to the boiling 
point, after each condensation. 

S40. This separate vessel, called The Condenser, 
communicates freely with the lower part of the cylin- 
der by a tube of considerable diameter. The con- 
denser is kept constantly cold by being immersed in a 
well or cistern of cold water, which is withdrawn as it 
becomes heated, and fresh water supplied; and the 
rapid and constant condensation of the steam is insured 
by a jet of cold water, which continually plays into the 
interior of the condenser. By these means, the tem- 
perature in the interior of the condenser is kept at 
about 100° Fahrenheit; the vapour then having a 
force of only about 0.97 lbs. — less than one pound to 
the square inch. And, in that part of the cylinder 
which communicates with the condenser, the elasticity 
of the vapour will be equally low. 

241. The injection water, the water formed by the 
condensed steam, and the air which enters along with 
the steam (158), would soon accumulate, and fill up the 
condenser. This is prevented by establishing a com- 
munication between the lower part of the condenser 
and an air-pump, which is worked by the engine itself, 
withdraws the water and air which would otherwise 
have accumulated, and preserves the condenser always 
in working condition. The air-pump acts exactly on 
the same principle as that explained in paragraph 104. 

242. In Newcomen's engine, a cooling effect was pro- 
duced by the cold air following the piston in its descent. 
It was necessary that this should be avoided, if the 
cylinder were to be preserved at an uniform high tcm- 

l2 
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perature. Accordingly^ the cylinder was closed at the 
top, the piston-rod moving through an air-tight and 
steam-tight aperture. 

243. The air being thus entirely excluded, the deMcerU 
of the pUton wa9 Rested by the introduction of iteam 
above it; and the elastic force of steam from the 
boiler was substituted for the atmospheric pressure in 
pressing down the piston. Thus the engine became 
really a steam-enoii«e. Steam was employed to form 
the vacuum, and steam was employed to give the force 
or moving power. 

244. In the atmospheric engine, the cylinder was 
considerably reduced in temperature by the action of 
the surrounding air. To prevent loss of heat from 
this cause. Watt enclosed the working cylinder in 
another (called a jacket) of wood, or some substance 
which gave heat a slow passage through it, and thus 
tended to confine the heat in the cylinder. 

245. From the employment of steam to press the 
piston down, this advantage also was gained — ^the 
engine was not limited to one degree of force — that of 
the atmospheric pressure ; but its power might be in- 
creased or diminished, according to the force of the 
steam used to effect the motion, which, within certain 
limits, could be varied considerably. 

246. In Newcomen's engine, the piston was kept air- 
tight by water poured over its surface. This was in- 
applicable in Watt's method, where the piston was 
moved by the force of steam, and the cylinder was 
closed above, asj if any water entered the hot cylin- 
der, it would be formed into vapour, which would 
retard the production of a vacuum, and cool the cylin- 
der. He, accordingly, preserved the piston air> tight 
by melted tallow, wax, and oil. 

247. In Newcomen's engine, there was only a dovsu- 
ward motion of the piston available as a force: the 
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piston was pulled upwards by the clumsy expedient of 
a weight attached to the other end of the beam^ and 
gave no impulse in ascending. In the double-acting 
engine of Watt^ which we are now describings by the 
beautiful contrivance of causing the steam to enter aU 
temately above and below the piston, and^ at the same 
time, forming the vacuum alternately below and above 
the piston, a moving force was communicated to the 
piston in ascending as well as in descending, and thus 
a continuous moving power produced. 

248. Lastly, by machinery which will be presently 
described. Watt converted the up-and-down (alternate 
rectilinear) motion of the piston, into a continued cir- 
cular motion, and insured steadiness and regularity in 
the motions of the engine, so as to adapt it for impell- 
ing machinery. 

S'Id. The leading changes effected by Watt in the 
steam-engine, and which were such as entirely to alter 
its character, are those just mentioned: it may be 
well briefly to recapitulate them here. 

1. Condensation of the steam in a separate vessel. 

2. Removal of the air and water from the condenser 

by an air-pump. 

3. Producing the movement by the aid of steam in- 

stead of the atmospheric pressure. 

i. Giving the piston an impulse or moving power in 
ascending as well as in descending. 

a. Converting the alternate rectilinear motion of 
the piston into a continued circular motion, so 
as to adapt the machine for impelling ma- 
chinery. 

6. Watt also introduced a very ingenious method of 
working the steam, so as to economize it very 
considerably. This, which was termed work- 
ing the steam expansively, will be described 
afterwards. 
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930. Many other arrangements were introduced to 
render the action of the engine regular and uniform, 
and thus fit it for machinery^ and to give it a self-act- 
ing power^ so that, when once set in motion, the least 
possible amount of attendance might be necessary to 
preserve it in continued action. We shall now de- 
scribe these in detail, commencing with the boiler. 



The Boileb, 

S51. This is the vessel in which the steam is gene- 
rated, and forms an exceedingly interesting part of the 
steam-engine. Nothing can be more beautiful than 
those adjustments of the boiler and cylinder to eaeh 
other, by which the engine itself regulates the supply 
of steam to the cylinder, of water to the boiler, and of 
heat to the furnace. It thus, in a manner, itself pro- 
portions the supply to the demand ; and with so much 
regularity and precision, that the engine in its move- 
ments almost rivals the voluntary motions of living 
beings. The boiler now to be described is that of land 
engines, acting on the principle of condensation ; lam- 
pressure engines or condensing engines, as they are 
generally termed. The boilers of marine condensing 
engines are similar in their construction, varying a 
little in form. The boilers of high-pressure engines 
will be described afterwards. 



£5% The boiler is 
A large veiael formed 
of sheet-iron plates 
hammered together. 
Itashapewill beun- 
derstood from the 
adjoining figure, re- 
preseDting an end 
nev and Ftg 15, 
next page, repre 
senting a longitu- 
dinal section The 
boiler has two prin 
eipal tubes one of 
which conveys to it 
water to be formed 
into steam, while 
the other coDveya 
the eteam from the 
boiler to the cjlin 
der. These are the 
tubes with the ar- 
rows, in Fig. IS. / 
It has gauge-codes / 
to ascertain the 
heightofthewateriD 
the boiler ; a steam-gauge, to indicate the elastic A>rce 
of the steam ; a safety-valve, to ^ve exit to the steam, 
and prevent the explosion of the boiler ; an internal 
safety-valve, to give access to the air, and prevent 
the compression of the sides of the boiler by atmo- 
spheric pressure, should the elastic force of the 
steam in the interior be suddenly much diminished 
from any cause; and a man-hole, by which admission 
may be had to clean the boiler when necessary. The 
boiler is placed upon a furnace, supplied with a self- 
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acting damper ; and, by Bnintoo'a contrivance, nuy be 
made t« feed itself with fuel, acccording to the d*- 




SS3. The feed-pipe. — The tube (i i) which conveyi 
the water into the boiler ie termed tlie feed-pipe. It 
proceed* from a ciitern (d) pUced abore the boiler, 
and terminates a little lower than half'iraj between 
tbe top and bottom of the boiler. The ciitem d ii 
freely supplied with hot water by tbe pipe r r, «hi<A 
proewds from tbe hot well, end ooDTeyi (by a pnmp 
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worked by the engine) the warm water of the hot 
well to the cistern d. The water thus conveyed to the 
cistern would fall directly down into the boiler by the 
pipe t i, were it quite open. But, as the demand for 
steam is not always the same, and it will not therefore 
do to have a constant quantity of water supplied to the 
boiler, too much water might enter the boiler ; or there 
might be too little, and the boiler might then be injured 
by the heat. The feed-pipe, to prevent such irregu^ 
larities, and proportion the supply of water to the de- 
mand, is rendered self-acting in the following manner. 
At the bottom of the cistern a valve (e) is placed, which 
opens upwards when the rod which attaches it to the 
lever c c is raised, and admits water from the cistern 
to the tube 1 1 below it. The lever, as will be seen, 
moves on a fixed point at the upper part of the cistern. 
To one extremity of the lever a small rod or wire (k) 
is attached, which passes through an air-tight aper- 
ture into the boiler, supporting a stone-fioat at its ex- 
tremity. This stone-float is counterpoised by a weight 
(lo) attached to the other end of the lever c c. The 
weight is such as to balance the float in water, and, ac- 
cordingly when the level of the water becomes lower 
from so much being formed into steam, the float will 
descend (as the weight cannot support it in air.) The 
float descending will pull down the arm of the lever 
to which it is attached, elevate the other arm, and thus 
open the valve in the cistern, so that water will pass 
from it into the boiler. When the float has been thus 
raised sufficiently, the weight will then pull down its 
arm of the lever and shut the valve, so that no more 
water will enter. In this manner the water is kept 
always near the same level in the boiler. The cistern 
it supplied abundantly with water by the pipe (r r) 
from the hot fcell^ as it is called, the water in which is 
warm ; so thai there is a gain of heat proportioned to 
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tlie excess of the temperature of tlie water tlms pumped 
in over the usual temperature of water : tliis will be 
explained in the description of the engine. 

254. Connected with the feed-pipe of the boiler, 
there is a contrivance of great ingenuity called the 
seff-acting damper. If the quantity of water supplied 
be uniform, the amount of steam produced will vary 
according to the intensity of the fire. If the fire be 
too strong, more steam will be formed than is required 
— if weak, too little steam will be produced. By a 
damper, which contracts or enlarges the throat of the 
fiueofthe furnace, the strength of the fire may be in- 
creased or diminished, and the quantity of steam will 
vary accordingly. As the steam in the boiler presses 
on the water, this water will rise in an open tube to 
which it has access to a height proportioned to the 
pressure. The feed-pipe i i is such a tube : in it a 
weight (f) is suspended, connected by a chain with 
the damper a. The chain passes through a separate 
tube in the cistern d, and over two pulleys (6 6.) The 
weight /is such as just to balance the damper a when 
immersed to a certain extent in water In the tube i i 
forced up by the elastic force of the steam. Let the 
weight and damper be adjusted to the required force 
of the steam, and be in a state of rest. They will re- 
main so until some change in the strength of the steam 
arises. Should its elastic force be increased, the water 
will be forced up in the tube ; the weight (or a greater 
part of it) being now supported *by water will be 
lighter in relation to the damper, which is entirely sus- 
pended in air ; the damper will therefore descend and 
contract the throat of the flue of the furnace ; the 
draught will thus be diminished, the fire moderated, 
and less steam formed. Should the elastic force of the 
steam be diminished, the water will sink in the tube, 
the weight will descend, the damper will be raised^ the 
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draught be increased^ the fire bum more briskly^ and 
more steam will then be formed. 

255. Gauge Cocks.— The gauge-cocks (mn) used to 
ascertain the height of water in the boiler are the same 
as in Newcomen's engine^ and have been already de- 
scribed, (219.) 

256. Steam-Gauge.— This is seen at q, at the right 
of the boiler. Fig, 15. It is fixed into the boiler, or 
some tube freely communicating with it, and is open 
at both ends. It is curved, in the form of the letter 
«c, and contains a quantity of mercury. The atmo- 
spheric pressure acts on the mercury in the limb open 
to it, with a force of 14.7 pounds per square inch. If 
the steam act with the same force, the mercury will be 
at the same level in both limbs. If the steam be of 
higher elastic power than the air's pressure, it will 
depress the mercury in the limb on which it acts, and 
force it up to a corresponding height in the limb open 
to the air. The difference will indicate the excess of 
the force of the steam over the air's pressure. The 
tube may be of glass or iron. In the latter case, a 
float rests upon the surface of the mercury exposed to 
the air, which rises or falls with the mercury ; and, the 
upper extremity of the float having a scale adjoining, 
it acts as an index, and shews the height of the liquid 
within the tube. 

257. Sapbty-Valve.— The object of this valve is to 
permit the escape of steam, should it accidentally be- 
come stronger than the boiler is intended to bear, and 
thus prevent the bursting or explosion of the boiler. 
It is a valve so loaded as to open with a pressure of 
steam, a little more than is necessary to work the 
engine, and considerably less than the utmost the 
boiler can bear. This valve does not materially differ 
from that used in Newcomen's engine. The steel- 
yard safety-valve is much employed. This consists of 
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a lever, the joint or fulcrum of which ie set on a sap- 
port at the side of a short tube, or pipe, commnnicat- 
ing with the boiler. From the lever immediately over 
the aperture of the tube, a rod descends, having a plug 
attached, which closes the tube. To the other extre- 
mity of the lever, weights may be attached, at different 
distances from the fulcrum, which will have power in 
keeping down the valve or plug, in proportion to thttr 
distance from the fulcrum. The force of the steam 
will tend to push up the plug, (valve,) and permit the 
escape of the steam ; the atmospheric pressure, and 
the weight attached to the lever, will tend to press 
down the plug and prevent the exit of steam. The 
valve will be open or shut, according to the relative 
strength of these forces acting on it in opposite direc- 
tions. Its action will be understood from the figure 
below. In steam-boat engines, a conical plug is uaed^ 
^*°' *^ from which a rod rises, on 

m _ ■■ » »...... which circular weights are 

]rTp& i placed, perforated so that 

^hJLI JL - ^-r.^^^^a ^ey can easily be slipped off 

H or on the rod. The weights 
are thus placed above the valve, and, when set, cannot 
shift. In the steel-yard valve, the weight slips along 
the arm of the lever, and thus acts with greater 
force ; just as if more weights had been laid on. Some- 
times the valve becomes ineffective, from being cor- 
roded, and sticking to the tube. It is considered that 
explosions of steam-boilers, in those cases where the 
valve has not been rashly overloaded nor become 
corroded, are owing to the sudden formation oi a large 
quantity of steam, which cannot escape with sufficient 
rapidity by the valve. The sudden formation of a 
great volume of steam, is, most probably, owing to the 
water being too low, the boiler too highly heated, and 
the water then being thrown up upon tiie sides. It 
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has been conjectured that explonons may sometimes 
be owing to the decomposition of the steam^ or water, 
by the hot sides of the boiler. This may take place ; 
bat it is not easy to see how this would produce gas of 
greater elastic force than if the decomposed water had 
been formed into or remained steam. 

258. Intkrnaii Safbty.Valyb.-— The valve just 
described opens outwards. There is another which 
opens inwards^ therefore termed the internal safety- 
9alve. The use of this valve is to admit the air to the 
interior, should the steam be suddenly condensed from 
any cause. Were there no such contrivance^ the at- 
mospheric pressure on the external surface of the 
boiler (14.7 lbs. on every square inch) might crush the 
boiler on any sudden diminution of the elastic force of 
the steam. But the internal valve yields and admits 
air when the internal pressure on it is much diminished, 
and thus produces an equilibrium. The internal 
safety-valve is shewn at g, at the left of Fig, 15. 

259. The Man-Hole.— -The large opening at g, Fig, 
16, is to give entrance to the interior of the boiler, 
for the purpose of cleaning it. This is an operation 
performed at longer or shorter intervals, according to 
the quality of water employed for the production of 
the steam. If the water contain much saline matter, 
the boiler must be cleaned frequently, otherwise there 
is a great waste of fuel in heating the water through 
the crust which forms at the bottom, and also a risk 
of burning the boiler, as, if the heat is not quickly 
carried off from the boiler in the form of steam, the 
metal becomes too hot, and is then more apt to oxidate, 
(rust.) Also, from being too hot, it causes risk of an 
explosion. 

260. The Furnace.— The furnace, above which the 
boiler is placed, differs from a common fire-place in 
being entirely excluded from the air, except at two 
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parts: — Firti, At the gratings or furnace-bars^ (t, 
Fig. 15,) on whicli the fuel rests^ and between which 
air enters and supports the combustion; §econd, Al 
the throat at the bottom of the chimney^ where the 
smoke and products of the combustion quit the fur- 
nace. Thus> no cold air is admitted into the chimney 
or above the fire> as in a common fire-place ; and hence 
the draught is more powerful^ air supplied more 
quickly to the fuel^ and the heat produced more In- 
tense. In Fig. 15, /is the door of the furnace, by 
which fuel is introduced. The damper, by which the 
current of air is increased or diminished, is shewn at a. 
There are many contrivances for preventing smoke. 
This is effected by constructing the furnace so that the 
fresh coal is introduced beiow the ignited coal, by which 
the smoke arising from the fresh coal is burnt or con- 
sumed as it rises. Considerable saving is effected in 
this manner, as the smoke contains much char<50al in 
suspension, in fine powder — much fuel being thus lost 
in ordinary smoking furnaces. The principle of 
Witty's smoke-consuming furnace will be readily un^ 
dersteod, if we conceive a common fire to be mended 
by pushing fresh coals in below, instead of laying them 
on at the top. To save heat, the furnace is often 
placed inside the boiler, and the flue also conducted 
through the boiler. 

261. A very ingenious furnace has been constructed 
by Mr Brunton of Birmingham, which may be termed 
a self-feeding furnace. He made the furnace circular, 
and connected to it a hopper placed above, which sup- 
plied it with coals. The furnace was made movable, 
and caused to revolve, by being connected with the 
steam-engine ; and thus a very uniform supply of heat 
was supplied to the boiler above. In each revolution, 
the hopper opened^ and discharged coals into it, and 
this feeder was regulated by communication with the 
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damper ; so that the quantity of coals was increased 
or diminished according to the demands of the en- 
gine. 

263. We here conclude the description of the hoiler, 
and shall now proceed to explain the engine^ begging 
the reader to bear in mind that there are two points of 
connection between the boiler and the engine : — Fint, 
The steam-tube, (o o, Fig, IS,) which conveys steam 
from the boiler to the engine; and^ second. The hot- 
water pipe, (r r. Fig. 15,) which conveys hot water 
from the engine to the boiler. 
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263. In describing the engine, it may be naturaUy 
divided into two parts i-^First, That which is directly 
connected with the steam, embracing the cylinder, 
condenser, air-pump, and hot-well ; and, Second, That 
part which is engaged in transmitting and regulating 
the motion, embracing the beam, crank, fly-wheel, 
governor, &c. In Figures 17, 18, the piston, belong- 
ing to part first, is represented detached from the 
boiler and other parts of the engine. In Fig. 19, the 
condenser and apparatus connected with it are shewn. 
The point of union between these two fig^es is the 
tube, the extremities of which are marked m n in 
each. 

264. In the steam-engine which is now to be de- 
scribed, the double-acting engine, the steam causes 
both the ascending and descending motions of the pis- 
ton. For this purpose, it must be admitted alternately 
above and below the piston ; and the vacuum, to give 
effect to its pressure, must be made alternately on each 
side of the piston. This is brought about by the fol- 

312 
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lowing very ingenious method^ illustrated by Figuret 
17 and 18. The steam is conveyed to the cylinder from 
the boiler by the large steam-pipe^ t S. The quantity 
of steam admitted is regulated according to the de* 
mand^ by the throttle-valve t, which^ as will be easily 
understood^ admits more steam in proportion as it is 
more inclined. The action of this valve will be ex-> 
plained under the head Governob. It is supposed 
to quit this pipe at the point S^ and is then directed 
upwards to the top of the cylinder, or in an opposite 
course to the bottom of the cylinder^ according to the 
position of the valve. C j^ is the cylinder^ having two 
apertures^ one above and one below^ by each of which 
steam may be admitted to the cylinder from the steam- 
pipe> or withdrawn from it to the condenser. P is the 
piston^ to be moved alternately up and down ; ei o 
ti is a box at the side of the cylinder^ in which the 
valve works^ and into which the steam enters first ; 
and abed is the valve^ which is a tube, capable of 
being moved up and down from the position in Fig, 
17, to that shewn in Fig. 18. These two figures are 
alike in all respects^ except the position of the moveable 
bodies — the valve and piston. The valve is moved by 
the engine itself, in the manner that will be explained 
afterwards : it is by the rod v v that it is worked. 
There are many kinds of valves. That shewn in these 
figures is the D valve> so called because it resembles 
that letter in its horizontal section. It is one of those 
called slide-valves, and is now very generally employed. 
By the tube m n, at the lower part of the valve-box 
e i u the steam passes to the condenser^ after it has 
performed its office in the cylinder. The condenser, 
&c., is shewn in Fig. 19, page 129, but had better be dis- 
regarded at present, confining our attention to what 
passes on in the valve and cylinder, and simply bearing 
in mind that there is a constant vacuum in the condenser. 
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and, contequently, in that part of the cylinder whiei 
communicates with it. 

265. Let us suppose, then, that the steam has just 
pushed the piston up to the top of the cylinder ; the 
object now is to remove the steam which fills the 
cylinder, cause a vacuum in the cylinder, and admit 
steam above the piston, which steam not being resisted 
by any force below the piston, will easily press that 
body to the bottom of the cylinder. For this purpose, 
the valve is raised to the position shewn in Fig, 17. 
In this position of the valve, the communication be- 
tween the lower part of the cylinder and the condenser 
(by the tube m n) is free, and the steam rushes to the 
condenser, as shewn by the course of the arrows ; thus 
the vacuum is formed in the cylinder below the piston ; 
at the same time, it will be seen that, from the con- 
struction of the valve, the passage from S to the cylin- 
der, by its upper aperture, is now open, so that steam 
enters the cylinder above, and, exerting its elastic 
force on the upper surface of the piston, while there 
is a vacuum below it, presses it down to the bottom of 
the cylinder. Thus, the dowhwarde motion is produced ; 
steam being the moving power, and steam, by its con- 
densation, the means of forming a vacuum to give 
effect to this moving power. 

266. The manner in which the upwards motion is 
effected, will be easily understood, with the aid of 
Fig, 18. The piston is there represented as it would 
be, after being acted on by the steam with the valve 
in the position shewn in Fig. 17. To raise the piston, 
let the valve be brought down to the position given in 
Fig. 18. Then, the steam in the cylinder above the 
piston will rush to the condenser, paeeing out by the 
upper opening in the cylinder, and through the tube of 
the valve, which communicates freely with the con- 
denser, following the course shewn by the arrows in 



the figure. Tbua, a vacuum ia formed in the cylinder 
about tbe piston. This new positioD of the valve, at 
the aame time sdmitB steam from S to the lower open- 
ing of thi culijidtr ; it enters, and premea up the piston 
to the top of the cylinder. Thus, by the movements 
of the valve, steam is admitted slteraately oa each 
side of the piston ; while the eteam on the other »de 
ia removed by a communication being at the same 
time opened with the condenser ; and, by this beauti- 
ful adjustment, a steady alternate rectilinear motion 
is produced. We cannot help remarking' here how 
perfectly tbe action of the Bteam, in producing motions 
of the same body alternately, in two directly opposite 
directions, illustrates Worcester's graphic descriptioD 
of the powers of this versatile agent, (page 80.) The 
connection of the piston-rod, the medium by which the 
motion is transmitted from the cylinder, with the 
other parts of the engine, will be explained afterwards 
We shall now trace the course of the steam after it 
leaves the cylinder, 

S67. Fig. 19 represents the condenser and appara- 
tus connected with it. C d is the condenser: above, 
Fia.19. 
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it commuiiicates with the cylinder by the pipe n m, 
and, at its lower part, with the air-pomp A, by the 
valve between them. This valve, as will be seen in 
the figure, is of such a construction as to permit the 
passage of fluids from the condenser to the air-pump ; 
but not from the air-pump to the condenser. The 
condenser and air-pump are surrounded with eohl 
water, a jet of which is continuaUy playing into the 
interior of the condenser. The piston (p) of the air-' 
pump, is alternately raised and depressed by the beam 
of the engine, to which its rod is attached, and thus 
draws the fluids out of the condenser ; the air-pump 
piston and cylinder piston moving simultaneously in 
same direction. At the right of the air-pump, is the 
the hot-well (to^), into which the piston of the air-pump 
throws the liquids which it draws from the condenser. 
To the extreme right of the figure, is the pump 
(worked by the engine) which draws cold water to sur- 
round and supply the condenser. At the left of the 
figure, is a tube leading from the condenser, with a 
plug permitting the exit of any fluids; but not the 
entrance. This is the inifting valve, 

268. Let us now suppose that the engine is to be 
started, (set a-going.) All the valves are opened, and 
steam driven through the engine to expel the air, 
which is driven out at the snifting valve 9, Fig. 19* 
The injection-cock t. Fig. 19, is then adjusted so as 
to pour in the necessary quantity of water into the 
condenser. The steam, after acting on the piston, 
rushes to the condenser, where it is instantly reduced 
to the liquid state. The condenser would soon be 
filled with the injection water, condensed steam, and 
air which entered along with the steam ; but the air- 
pump removes these. The valves in the air-pump 
piston open upwards only. Accordingly, when the 
piston is raised, as nothing can pass through the pis- 
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ton from above downwards^ there is a vacuum below 
the piston. The valve at the bottom of the condenser 
being pressed by the fluids in the condenser^ opening 
towards the air-pump^ and that pressure not being 
resisted in the air-pump^ the valve is forced open^ and 
the fluids rush from the condenser to the air-pump. 
When the piston of the air-pump descends^ it tends to 
press the fluids back into the condenser; but> from 
the construction of the valve> they cannot return. 
Being pressed^ then^ by the descending piston, they 
force open its valves, and pass through it to the upper 
side of the piston, where they accumulate. ^Vlien the 
piston ascends again, they are lifted by it and trans- 
ferred to the hot-well (w h.) By this series of actions, 
regularly continued while the engine is at work, the 
fluids in the condenser are withdrawn from it, and 
thrown out into the hot-well. The water removed 
from the condenser being warm, (having received much 
of the heat of the condensed steam,) is not altogether 
thrown away ; but part is returned to the boiler, being 
conveyed, by a pump dipping into the hot- well, to the 
cistern at the top of the feed-pipe. Thus, a part of 
the heat which the steam carried from the boiler is 
returned to it. This pump is worked by a rod from 
the beam of the engine. The cold water is supplied, 
and the whole apparatus kept cool, by water pumped 
by the engine, also by a rod from its beam. This is the 
cold-water pump, at the right of the figure, page 129. 

S69. Connected with this part of the engine, there 
are three contrivances — the Condenser Gauge, the 
Eccentric Rod, and the Governor, which will be most 
conveniently described at present. 

870. Condenser Gauge.— -The object of the con- 
denser gauge is to shew the elastic force of any vapour 
that may remain in the condenser— to judge of the 
completeness of the vacuum there. As water retains 
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the state of vapour at very low temperatures, in the 
condenser^ however coo]> some vapour will exist ; and 
its elastic force may he judged of in the usual manner, 
hy communication with a hent tube containing mer. 
cury, open to the air at one end and to the condenser 
at the other. If the vacuum were perfect, there would 
he a difference of thirty inches in height between the 
mercury in the tube open to the air, and that in the 
other extremity open to the condenser, the mercury in 
the latter being pressed up by the atmospheric pres* 
sure on the surface of the liquid in the other limb of 
the tube. But the vapour in the condenser resisting 
the atmospheric pressure, depresses this column a lit- 
tle, reducing it to about 26 to 28 inches in general. 
The temperature of the vapour in the condenser is 
generally about 100^ Fahrenheit, at which it has an 
elastic force of about two inches of mercury. 

271. Eccentric Rod. — The object of this rod is to 
work the valve — ^to communicate an alternate recti- 
linear motion to the rod v v, so that the valve may be 
made to assume alternately the position shewn in Figures 
17 and 18. This is done in the following manner. 
The axis on which the fly- wheel (the large wheel in 
Fig, 26), turns, has a continued circular motion. By 
means of the eccentric rod, and one or two bent levers 
Interposed between this axis and the rod of the slide- 
valve, the latter is moved as required. The construc- 
tion of the eccentric rod and its motions will be under- 
stood from the following figures (20, 21.) 
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Let C in both figures be the rod or axis which by its 
revolution gives motion to the eccentric rod (e r u o.) 
C^ although revolving, always remains in the same 
point. This is shewn in the two positions of the ec- 
centric rod in the figures^ by C being in the same per* 
pendicular line. To C is fixed a disk or plate (a b d), 
which revolves aloDg with C, with its centre c at some 
distance from the point C on which it turns. Hence the 
name eccentric (ex, out of^ the centre.) Fitting close 
to this plate, there is a ring (a o u), within which the 
plate has free motion, but fitting closely to each 
other. The rods er,r u, fixed to the ring, are attached 
to the free end of one limb of th^ bent lever rV q ; to 
the extremity (9) of the other limb^ the rod of the valve 
t7 V is attached. P is the fixed pointy (or rather rod, 
for the two arms of the lever are attached to different 
points of one rod, necessarily represented as one in 
the figure) on which the lever turns. That it is fixed, 
is shewn by P in both figures being in one perpendi- 
cular line— the dotted line. It is clear that, when 
the plate ah d makes a half revolution from the posi- 
tion shewn in Fig. 20, it will carry the eccentric rod 
a&d levers into the position shewn in Fig, 21. This 

N 
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raises the end of the lever (q), to which the valve-rod is 
attached, and therefore elevates the rod. When it 
has completed another half revolution, the end (9) of 
the lever will he depressed^ and will pull down the valve- 
rod along with it. The action will he very easQy un- 
derstood if it he kept in view that C and P are fixed 
points. 

572. This apparatus is not always so simple as re- 
presented in the figure, another lever heing often in- 
terposed. But the action is perfectly the same, and, 
however complex, will he understood at once hy any 
one who has studied the preceding figure. 

573. The use of the part (ft?) interposed hetween the 
end of the lever and end of the valve-rod, is to adapt 
the circular motion of the end of the lever to the rec- 
tilinear motion of the valve-rod. This will he ex- 
plained more particularly under the head Parallel 
Motion. In steamboat engines the motion of the 
valve is brought about by machinery very closely re- 
sembling that shewn in the above figure. In some 
engines the eccentric rod is applied to many other 
purposes besides working the valves. It is applicable 
wherever an alternate rectilinear motion is required, 
and the motion from which it can be most conveniently 
procured is a continuous circular motion. 

274. In Watt's first engines, the valves were worked 
as in Beighton's plan. Catches attached to the rod of 
the air-pump, were so adjusted as to raise at proper 
times levers which opened and shut the valves. 

S75. GovEBNOB. — The object of the governor is to 
determine the quantity of steam to enter the cylinder, 
and thereby regulate the action of the engine, should 
it happen to work too vigorously, either from the in- 
creased activity of the fire or diminished resistance ; or 
to work languidly from the opposite causes. The throt- 
tk vaive {t), in the steam-pipe t S, Fig. 17, regulates 
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the quantity of steam which paises through^ by the de- 
gree in which it lies parallel to or across the tube ; and 
it is by the governor that the direction of this valve is 
determined. 

8T6. The motion of the go- 
vernor is derived^ in the first 
instance^ from the engine it- 
self, by a cord, strap, or chain, 
running round the axis of the 
fly-wheel, and communicating 
its motion to a pulley (p). Fig. 
92. This ^g^e represents 
the governor. The pulley is 
fixed to the upright rod ^^^ /"^^ 
spindle (e w). To the spindle, vjy ^ 
two balls are attached (6 h), l{ 
of course revolving with the 
spindle, but having also a joint P' 

by which they can be raised or depressed, so as to recede 
from or approach the spindle. The rods of the balls are 
connected with levers (o o), which move freely on other 
levers (t t), which, at their other extremities, are attached 
to a ring of metal (tc), capable of free motion up and 
down the spindle. Above this ring is another lever 
(a d), fixed at a, and fitting loosely round the spindle 
ew ; and from the extremity (<^)of this lever, proceeds 
a bent lever {d t), at the extremity of which is the 
throttle valve of the steam-pipe. Now, when the axis 
of the fly-wheel is moving with too great velocity, its 
increased rate of motion will of course be communi- 
cated to the spindle of the governor. It will revolve 
more rapidly, and the balls attached to it will (from 
their increased centrifugal force) fly out further from 
the spindle. The effect of this will be to depress the 
levers o o, when the levers i t and the ring u will also 
fall. Hence the lever a d will slip a little down the 
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spindle^ (or be pulled down if attached to the ring u,y 
which^ from the construction of the bent lever d t, will 
bring the throttle valve t more across the 8team-pipe> 
80 as to contract it ; less steam will now enter the cy- 
linder^ and the action of the engine will be mode- 
rated. Should the engine be working too slow^ the 
balls would fall^ the throttle-valve be opened, and 
more steam admitted. 

277. This regulator or governor was used by millers 
to regulate the rate of motion of the grind-stones, and 
adopted by Watt for the purpose above described. 
In steamboat engines, the levers of the throttle-valve 
are under the immediate control of the engine-man, 
who acts as the governor. 

278. Having described the parts of the engine 
immediately connected with the course of the steam, 
we shall now quit the steam, and proceed to consider 
those parts of the engine which are concerned in ad- 
justing the motion alone. These are chiefly three— ^ 
the Beam, the Crank, and the Fly- Wheel. In all 
of Watt's engines, the beam was used. In those to be 
applied to move machinery, the crank and fly-wheel 
were adopted by him, and are always used. Under 
Steam-Navioation, we shall describe an engine in which 
the beam is dispensed with. 

279. The Beam. — The piston-rod is the instru- 
ment by which the motion is transmitted from the cy- 
linder. Watt transferred the motion, in the first 
instance, to a Beam similar to that employed by New- 
comen. But^ for an engine such as that just described, 
(the double acting steam-engine), where the piston 
has to communicate motion both ways, to push up as 
well as to pull down the beam, the connection of the 
ends of the beam and piston, by a flexible chain, would 
not answer. The chain could not communicate an 
impulse ; it was therefore necessary that the piston 
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should be connected immediately to the end of the 
beam^ or that some rigid inflexible bar should be in- 
terposed. Here, a difficulty presents itself. The end 
of the piston-rod must move in a straight line; 
otherwise^ the aperture through which it works in the 
top of the cylinder, must be wider than the diameter 
of the piston-rod^ to allow for its play sideways. But^ 
the piston-rod must move air-tight through this aper- 
ture. The head of the beam^ on the other hand^ de- 
scribes a segment of a circle. These motions must be 
adjusted^ so that the beam shall not press the piston, 
rod outwards in the first half of its descent^ nor pull 
it in during the latter half of its descent : so that there 
shall be no lateral strain on the piston-rod. 

280. Parallel Motion. — This was e£Fected by Watt^ 
in the manner which will be understood from the fol- 
lowing figure (S3.) 
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Let Rbe the head of the piston-rod P R ; B the end 
of the beam. B describes a segment of a circle^ and 
R moves vertically up and down. These motions 
are adjusted so as to harmonize with each other by the 
following contiivance. Let a fixed point (F) be taken^ 

N 2 
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as near as possible to the line in which the piston-rod 
moves. From the points B and £ of the beam^ let in- 
flexible bars B R and £ H hang down^ moving freely 
on pivots at B and £. Let the extremities H and R 
of these bars be connected by a transverse rod R H ; 
and let another rod pass from H to F — all having free 
motion on pivots at both extremities. Let the head of 
the piston-rod be attached to the pivot at R — ^then it 
will have vertical motion without any considerable 
strain, from the outward motion of the beam during the 
first half of its descent^hnd the first half of its OMcent, 
or from its inward motion during the latter half of 
Its descent and the latter half of its ascent; for, 
while, in the descent of the beam to the horizontal posi- 
tion from that shewn in the figure, the bar B B is 
pushed outwards by the beam, (as will be seen from 
the inclination of the bar, and from considering the 
motion of the point B, moving on the centre C,) the rod 
R H counteracts this, by pulling the point R in an op- 
posite direction, the end H of the rod R H being pre- 
served at a proper distance from the required line of 
motion of the piston-rod, by the rod H F, which^ fixed 
at F, describes with its extremity H the arc dg, which 
bends inwards as much as the arc described by B bends 
outwards, and thus preserves the point R moving 
vertically. When the beam has come to the horizon- 
tal position (shewn by the dotted line C k), the bar 
B R will then hang perpendicularly, and the rod 
F H will also be horizontal, as in the dotted .line F g. 
In the latter part of its descent, the point B will 
evidently bend inwards, and tend to push inwards the 
head R of the piston-rod ; but the rod F H then bends 
outwards (describing the arc go); and thus (by the 
rod R H) resists the inwards thrust of the beam. 

281. In ascending, similar adjustments take place 
between the beam and the piston-rod, and the latter 
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is preserved always vertical, or nearly so, and all 
strain in one direction neutralized by the opposite 
action of the rod R H. 

982, The same machinery serves to give a vertical 
motion to the rod of the air pump A K, which is worked 
by the beam. The extremity A of the air pump rod 
is attached to the middle point of the bar EH. If 
this bar connect the free ex- 
tremities of two rods F H^ and 
C £, being attached to them 
by pivots, if these rods be of 
such length that^ when hori- 
zontal^ £ H be perpendicular^ 
(or nearly so) to both ; then^ v 
if these rods be moved up and 
down on pivots or centres (F 
and C), the middle point (A) of the connecting bar (E 
H) will move in a vertical straight line, while the ex- 
tremities of the bar describe each a segment of a circle. 

The figure above^ is an exact copy of that part of 
Fig. 23 to which the same letters are attached. To 
the point A the air-pump rod is attached ; and^ while 
the extremities £ and H incline alternately to the 
right and left^ the point A, about which they oscil- 
late, preserves a vertical motion. 

283. It has been said that Watt first conceived the 
idea of attaching the head of the piston-rod to the 
point A^ (£ being in this case the end of the beam^) 
but found it more convenient—And to answer equally 
well— -to use the point A for the pump-rod^ attach it 
by a bar to a point between the centre and extremity 
of the beam, and by the bar B U^ parallel to £ H^ and 
the rod II R^ to give R a motion parallel to that of 
A ; whence, as well as from the bars R B^ £ H, being 
parallel, this beautiful piece of mechanism has acquired* 
the name of parallel uotion. 
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284. The above description of the adjustment of the 
motions of the beam and piston-rod, will suggest the 
necessity of the bar q v, interposed between the ex- 
tremity of the valve-rod and the lever by which it is 
worked. {Fig, 20, page 133.) The end q of the lever 
describes a curve — v must move in a straight line. 
The bar q v oscillates backwards and forwards ; and, 
while it communicates the impulse, prevents any con- 
siderable strain from the difference in the motions. 

285. The parallel motion is sometimes dispensed 
with, by causing the head of the piston-rod to move in 
a groove or slide. An example of this will be given 
under the account of Steamboat Engines. 

286. The Crank. — The object of the crank is to 
procure from the reciprocating motion of the end of 
the beam, that motion which is required for all sorts 
of machinery, for propelling steamboats and steam- 
carriage^—ia continued circular motion. The crank 
and fly-wheel had long been used in the spinning- 
wheel and turning lathe— for procuring a circular 
motion from the rectilinear motion of the foot, in its 
pressure on the treadle. The following figure, (25), 
which will be easily understood, will illustrate the 
crank. Let £ be the extremity of the beam, moving 
up and down in an arc of a circle, and C the rod or 
axis, to which it is desired to communicate a regular 
continuous circular motion. Let a short bar (D B) pro. 
ceed from the rod to be turned, and play upon a pivot 
(B), to which is attached, playing also freely upon it, a 
long bar, or rod (E B), the other extremity of which 
turns on a pivot (£), at the end of the beam. It will 
easily be understood how the rod E B, descending as 
the beam descends, and moving up along with it, will turn 
round the crank (B D), the extremity B describing a 
circle round C, which is necessarily turned along with 
the crank B D, to which it is immovably fixed. The 
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rod (E B) deseenda on one ude of the centre (C), and 
aacende on the other side ; and thus, from the alternate 
rise and fall of the beam, a continous rotaterf motion 
is commuiiicated to the ftii* C. 

887. There are two points in the revolution of the 
craiUc,calleddead-)MiDtB,wheretheenginebasnoBCtion 
upon the crank, in turning' it, but pulls or presaes it 
vertically, the crank being in such a position that it 
baa no tendency to turn the sjcis. This will be readily 
understood from the figure. When the end of the 
beam ii at its highest elevation, the rod hangs perpen- 
dicularly from it, and the crank is in the tame line, (in 
the puaition a' b'. Fig. SS). The beam then tends to 
depreti the crank and axis, but not to (urn either. 
When the end of the beam it at ita lowest point, the 
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rod hangs perpendicularly from it^ and the crank then 
also i$ in a line vnth the rod, (in the position a h. Fig, 
S5). In this position^ also^ the beam has no action in 
turning the crank or axis; but tends to pull them 
straight upwards. These are the two dead points^ or 
critical points. From these^ it is carried by the in- 
ertia of the crank — that is^ by the tendency a body in 
motion has to continue moving until some sufficient re- 
sistance checks it. Every one knows that a body in 
motion (as a ship or carriage)^ does not stop the 
moment the impelling force ceases — that it continues 
for a little^ until friction^ and the resistance of the air 
or water, gradually overcome it. In like manner^ the 
motion acquired by the crank before it reaches the cri« 
tical points^ carries it beyond them^ and^ when a very 
little past them^ the beam resumes its usual action. 
The fly-wheel also aids in carrying the crank past the 
dead points. 

288. Although, however^ the crank is carried easily 
by its inertia out of the critical situations, it exerts 
little or no force in turning the axis while in them. 
The crank moves slowly when about the critical 
point8»more rapidly in the other situations, where the 
beam acts directly in turning it. Hence« an inequality 
in the motion of the axis, and any machinery which de-» 
rives its motion from it. This is remedied by the 
fly-wheel. 

289. The FLT-WHEEL.^-In applying the steam- 
engine to drive machinery, it is particularly neceesary 
that the engine should work with a perfectly steady 
and uniform force ; that there should be no irregular- 
ities in its action ; or, if unavoidable, that these should 
be transmitted very gradually to the machinery ; that 
there should be no abrupt transition from slow to quick, 
or the reverse. These might arise from the diminution 
in the impetus of the crank at the two critical points 
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from changes to a certain extent unavoidable in the 
strength of the fire^ or from a change in the resistance 
giyen by the machinery from some of the work being 
stopped^ or more work thrown on. By means of the 
goyemor and throttle-valYe^ the adjustments of the 
feed-pipe and the damper^ a proper proportion is pre- 
lerved between the supply of steam and the demands 
of the engine. But these require a little time to come 
to an adjustment ; and, before that could be eflfected^ 
in case of any sudden change^ considerable injury might 
be done. 

S90. This is prevented by the action of the Fly^ 
Wheel. This is a large wheel with a heavy rim^ 
formed of iron^ and fixed to the axis which the crank 
turns, and revolving along with it. By its weight, it 
acts as a drag on the engine, should it have a tendency 
to go too fast ; and, by the great impetus which its 
weight gives to it, carries on the machinery with the 
usual, or a gradually decreasing force, when the pro* 
portion of the resistance to the power becomes aug- 
mented, and the engine has a tendency to move slow. 
The fly-wheel equalises, by its weight, any irregular* 
ities on either side, being a sort of reservoir of power, 
which it absorbs, and distributes gradually when the 
power is too great, and restores and gives it out when 
the power is diminished or the resistance increased. 
A heavy body of this kind, attached to the axis, and 
interposed between the power and the resistance, by 
its inertia slow to move, and equally slow to cease 
moving or to change its rate of motion, is of the 
greatest value in equalising the motion in those engines 
which are applied to move machinery* 

391, There was another cause of inequality in the 
rate of motion, remedied by Watt in a very simple 
and ingenious manner. The piston moved more 
rapidly (with an accelerated motion) towards the end 
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of each stroke, than at the beginnings in consequence 
of the accumulation of its motive inertia, while the 
steam continued to act upon it with the same force as 
at first. At the commencement of the stroke, the 
steam has to overcome the friction between the piston 
and the cylinder, as well as the inertia of the mass. 
When it is once set in motion, its inertia (the impetus 
it has acquired) continues it in that state for a time^ 
independently of the action of the steam-^friction 
only being now to be overcome. Hence, if the steam 
continue to act as forcibly as at first, it will conununi- 
cate additional motion to the piston, and it will, there- 
fore, perform its stroke with an accelerated velocity. 
Watt cut off the supply of steam after the piston had 
descended a certain length (about one-third.) The 
remainder of the descent was effected partly by the 
impetus the piston had already acquired, and partly 
by the ejppansion of the steam already in the cylinder ; 
for, there being little or no resistance on the other 
side of the piston, the steam expands and presses the 
piston ; its force from this source becoming less just 
in proportion as the space it occupies increases— that 
is, just in proportion to the extent to which it moves the 
piston along the cylinder. Thus the motion of the 
piston is, to a considerable extent, equalised. The 
action of the steam in full strength sets it in motion-— 
the small and decreasing force requisite to continue 
the motion at an uniform rate is furnished by the ex- 
pansion of that steam. If the stroke of the piston from 
the top to the bottom of the cylinder be eight feet, 
and the farther supply of steam be cut off when the 
piston has descended two feet, and if the original 
strength of the steam be 14 lbs. per square inch on the 
piston, it will be 7 lbs. when the piston has descended 
to four feet ; 4 J lbs. when it has descended six feet ; 
and 1.4th of its original power, or 3^ lbs., when the 
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piston has descended eight feet^ and has arrived at the 
bottom of the cylinder. 

292. Also^ there is considerable economy of steam 
when it is applied in this manner : this was the view 
with which Mr Watt first adopted the plan of work- 
ing by the expansion of the steam. He states^ in the 
specification of his patent of 1782^ that, when the 
steam is cut o£F at one-fourth of its descent — ^^ when 
only one-fourth of the steam necessary to fill the whole 
cylinder is employed — the effect produced is more than 
one-half of the effect which would have been produced 
in filling the whole cylinder full of steam, by admit- 
ting it to enter freely above the piston during the 
whole course of its descent." If a certain quantity of 
steam produced an effect equal to 4, the effect of one- 
fourth of that steam acting expansively would be more 
than 2 ; or, by the following table — 



Theeffbrt of the (quantity admitted it 
multiplied 

1.69 times. 

2.10 

2.39 

. 3.08 



If the iteam be stopped at 

One-half 
One-third 
One-fourth . 
One-eighth 



Having now gone over the steam-engine in de- 
tail, it only remains to exhibit a view of the various 
parts as they appear when connected, and give such 
explanations as may be necessary to the understand- 
ing of the relation of the several parts to each other 
when the engine is in action. Fig, 26, in the follow- 
ing page, represents a steam-engine, a side view being 
presented. 
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293. At the left is seen the great steam tube^ admit- 
tiDg steam to the cylinder (C y), by the throttle-valve 
(t), and a smaller tube^ conveying warmed water to 
the boiler^ from the hot well (H.) The piston is at the 
top of the cylinder^ that end of the beam in its most 
elevated position^ and the air-pump piston also at its 
highest elevation. The fixed point for the parallel 
motion is F^ the rod proceeding from which keeps 
the inner extremity of the rod B at a proper distance 
from the head of the piston-rod. The hot-water pump 
is worked by the rod W^ and the cold-water pump^ 
by the rod O L ; frequently^ both are worked by one 
rod from the beam. The rod which propels the crank 
is in its lowest position^ hanging quite perpendicular. 
The spindle of the governor has motion communicated 
to it by a cord or strap from the axis^ shewn by the 
double line. This turns a perpendicular bevelled 
wheels acting upon another, which is horizontal, to 
the centre of which the spindle is attached. The 
governor here differs slightly in construction from 
that represented in Fig. 22, page 135, but is quite 
the same in principle. It acts upon the lever R, 
which will be observed, by tracing the course of the 
dotted lines connected with it, to act upon the throt- 
tle-valve t. The eccentric rod is seen passing from 
the axis behind the piston, to raise or lower the slide- 
valve. The rod and valve are similar in construction 
and action to those shewn in Figures 17, 18, and 20-21. 
The large and heavy flt-wheel attached to the shaft, 
to equalise the motion when the force of the steam is 
increased or diminished, or the work to be done 
is increased or diminished, is observed at the right. By 
an endless cord or belt, moving round the shaft, 
and round the rod of any machinery, the motion is 
transmitted to the machinery. When the machinery 
comiits of a number of separate parts, which work in- 
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dependently^ and require to be frequently stopped^ or 
set in action at different times^ belts or straps are pro- 
vided foreach^ wbicb can be slipped offer onina moment. 

294. This is the nor ble- acting engine of Watt. 
But his first invention was a sinole-actino engine— 
that is, one in which the piston was only propeUed 
downwards by the force of steam, being pulled upwards 
by a weight attached to the other extremity of the 
beam, as in Newcomen's engine. The steam was ad- 
mitted above the piston, the vacuum made below it. 
When the piston reached the bottom, the connections 
between the cylinder and boiler, and between the cy- 
linder and condenser, were shut, and by the side tube a 
communication opened between the lower and upper 
part of the cylinder. The piston was then equally 
pressed in both directions by the steam, and the weight 
at the other end of the beam turned the balance, and 
pulled up the piston, the steam passing from above to 
below the piston during its ascent. Then the opening 
was formed to the condenser, steam admitted again . 
above the piston ; and thus the motion was regularly 
continued. 

295. These engines answered very well for raising 
water ; and although the single-acting engine and the 
atmospheric engine had been adapted for machinery by 
the addition of a crank and fly-wheel, these were found 
insufficient to give that smoothness and uniformity of 
motion requisite. This was from the piston acting 
only in its descent, and a heavy fly-wheel or weight 
being necessary to carry the crank round during the 
intermission of the power. But still the atmospheric 
engine was in considerable use for this purpose. Mr 
Smeaton -recommended that, instead of applying a 
crank and fly-wheel to the atmospheric engine, to pro- 
duce a continued circular motion, the engine should be 
used to raise water, which should be applied in the 
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usual manner to turn a water-wheel^ from the axis of 
which the continuous circular motion was procured. 
In 1781^ he proposed the same with one of Boulton 
and Watt's single-acting engines^ for a corn mill. 
Watt, in 1778^ turned his attention to the suhject, and, 
in 1789, he took out a patent for the Double- a ctino 
Enginb. He says—'' Having made my reciprocating 
engines rery regular in their movements, I consi- 
dered how to produce rotative motions from them, in 
the hest manner; and, amongst various schemes 
which were subjected to trial, or which passed 
through my mind, none appeared so likely to answer 
the purpose as the application of the crank, in 
the manner of the common turning lathe ; but, as 
the rotative motion is produced in that machine by 
the impulse given to the crank in the descent of the 
foot only, it requires to be continued in its ascent by 
the energy of the wheel, which acts as a fly; being unwil- 
ling to load my engine with a fly-wheel heavy enough 
to continue the motion during the ascent of the piston, 
(or with a fly-wheel heavy enough to equalise the 
motion, even if a counterweight were employed to act 
during that ascent,) I proposed to employ two engines, 
acting upon two cranks, fixed upon the same axis, at 
an angle of ISO^ to one another, and a weight placed 
upon the circumference of the fly-wheel, at the same 
angle to each of the cranks, by which means the motion 
might be rendered nearly equal, and only a very light 
fly-wheel would be requisite." 

296. " The method," says Farey, " of combining 
two cylinders to act with two cranks formed upon 
the same axis, has since been brought into use, with 
great advantage, in the modern engines, for propelling 
carriages, and for steamboats. It is an excellent plan, 
and has also been applied to turn-mills." The at- 
mospheric engine was also applied in this way-^* 
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two cylinders^ each with a piston^ being employed. 
The pistons had one common rod^ the cylinders being 
placed one over the other : the air acted alternately 
on them^ pushing one piston down^ and the other up, 
the cylinder of the latter being inverted — closed above, 
and open below. Thus a double action was given to 
the piston. These, and other contrivances for double 
engines, have been superseded by Watt's beautiful in- 
vention — the Double-acting Single Ctlindek Engine. 

297. Having now concluded our account of the diief 
of the inventions and improvements by Watt, and 
these being such as to give to the fire-engine a power 
and extent of usefulness quite unexampled, to confer 
on his engine the peculiar distinction which it still 
retains, of being tue steam-engine, we shall present 
a short sketch of the life of its illustrious author, who 
stands forth as one of the brightest examples of that 
which is alone entitled to honour and respect — talent 
successfully applied to produce works of utility toman. 

298. James Watt was born at Greenock, in the west 
of Scotland, in the year 1736. His father was a block- 
maker and ship-chandler there, and was much respected 
by his townsmen. Watt was educated at the grammar- 
school of Greenock. After being some time with a 
mathematical instrument maker, he went to London in 
1754, and there continued the same profession. About 

1758, he returned to Scotland, and commenced business 
on his own account in Glasgow. The professors of the 
University there^ being anxious to promote the art of 
making philosophical instruments, appointed Watt 
philosophical instrument maker to the University, and 
gave him apartments there, for carrying on his business. 
'^ My attention was first directed," says Watt, " in 

1759, to the subject of stcam.engines by Dr Robison, 
then a student in the University of Glasgow, and nearly 
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of my own age. Robison at that time threw out the 
idea of applying the power of the steam-engine to the 
moving of wheel-carriages^ and to other purposes; 
but the scheme was not matured, and was soon aban- 
doned on his going abroad." He then states that, in 
1761 and 1762, he made some experiments on the force 
of steam in a Papin's Digester, and with it, and a sy- 
ringe with a solid piston, formed a species of steam- 
engine (very like Leopold's), which he found could be 
made workable ; but abandoned it, from '' the danger 
of bursting the boiler, and the difficulty of making 
the joints tight ; and also that a great part of the power 
of the steam would be lost, because no vacuum was 
formed to assist the descent of the piston." 

299. In the winter 1763-4, his attention was again 
directed to the steam-engine, from being engaged in 
repairing a model of Newcomen's engine, used in the 
class of Natural Philosophy in the University. In 
examining its action, after being put in order, he 
found that a very great quantity of steam was required 
for it ; and this leading to further inquiries and expe- 
riments, he found that the waste arose from the alter- 
nate heating and cooling of the cylinder. In 1765, 
the grand idea occurred to him of preserving the cy- 
linder at a uniform high temperature, and condensing 
the steam by opening a communication between the 
cylinder and a separate vessel always kept cool, termed 
a condenser. He constructed some models upon this 
plan; and took out a patent in 1769. About that time, 
he formed a connection with Dr Roebuck of the Car- 
ron iron-works, and who had rented large coal-works 
at Kinneal. The first of his engines was erected there. 
It had a cylinder of eighteen inches diameter ; and 
was altered and modified in various ways, until it waa 
advanced to a state of considerable perfection. In 
consequence of embarrassments in his business, Dr 
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Roebuck^ in 1773^ transferred his interest in Mr Watt's 
projects to Mr Boulton of the Soho manufactory at 
Birmingham. 

300. In consequence of the time and expense ne- 
cessary to bring the engine to a tolerable working 
condition, and the obstacles to their introduction, from 
apathy or prejudice, BIr Watt found that the term of 
his patent would expire before he could have reaped 
any considerable advantage from it, or eyen been remu- 
nerated for the time and money spent in completing 
his project. He therefore applied to Parliament for 
an extension of his privilege, which was granted in 
an act passed in 1775, whereby the exclusive right of 
** making, constructing, and selling the said engines 
within the kingdom of Great Britain, and his Majesty's 
colonies and plantations abroad," was vested in James 
Watt, his executors, &c., for twenty-five years from 
the passing of the act«->to 1800. Thus secured in the 
just reward of his genius and application, and aided 
by the capital, skill, and activity of Boulton, Watt 
settled at Birmingham, and constructed and brought 
into use engines, by which immense savings in fuel 
were effected wherever they were applied. By 1778, 
he had many of his engines at work ; and, after their 
economy and superior efficacy became known, they 
were universally used wherever new engines were re- 
quired, and were frequently substituted for the old ones, 
even where these were still in fair working condition. 
Watt was continually introducing important improve- 
ments, so that his later constructed engines were 
greatly superior. In 1778, he introduced the ex- 
pansion steam-engine (291-2); and, in 1783, he took 
out a patent for the last great change he effected 
on the engine-~giving it the double-acting power. 
Many other improvements were introduced from 
time to time, but this was the greatest, as it adapted 



THE 8TEAJI- ENGINE. 153 

the engine for the important object of impelling ma- 
chinery. 

301. At the expiry of his parliamentary patent in 
1800^ Mr Watt withdrew from business, and passed 
the remainder of his life in retirement. He was a 
man of great general information, and of a cultivated 
mind. He did not confine his attention to mechanics, 
but took considerable interest in the study of general 
literature and philosophy. He was always deeply in- 
terested in antiquarian researches ; and the fine arts 
also received much of his attention. In private life 
he was much esteemed and beloved ; and those public 
honours worthy of regard were bestowed on him. In 
1808, he was chosen a member of the National Insti- 
tute of France. 

302. Mr Watt died in 1819, at his seat at Heathfield, 
near Birmingham, at the advanced age of eighty-three. 
After his death, public meetings were held in almost 
every considerable city in the kingdom, at which the 
leading men of the place, of all parties, vied with each 
in the eloquence and warmth of their eulogiums on 
the truly illustrious deceased ; and all united in an 
anxious wish to pay to his memory the tribute of a 
nation's gratitude and respect. 

303. If we judge of Watt by the talent displayed 
in the construction of his steam-engine, he must be 
placed in the foremost rank of inventors. When we 
consider the perfect state to which he brought the 
engine, the many beautiful contrivances he introduced 
to economise the power and extend its applications^ 
the rude materials and limited knowledge there then 
were to work upon, and that seventy years, at a time 
when science and art have been making rapid advance8> 
have added little to the engine as he produced it. 
Watt must be allowed to hold a very high place among 
those distinguished for mechanical genius. 
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304. If we ettimate him by the effects which hay« 
flowed from his invention^ he stands second only to 
the inventor of printing. This may not be a proper 
ground on which to form an opinion of his genius ; 
but it should not, or at least will not, be forgot^ in 
paying a tribute of gratitude to his memory. The 
steam-engine has done and will do more to improre 
the condition of mankind, than any other discorery 
since that of printing. In considering the steam* 
engine^ we cannot confine ourselves to a mere descrip- 
tion of its construction and principles of action. We 
cannot look upon it merely as a beautiful piece of me- 
chanism, only the action of which interests us. It is 
something more than the best contrivance for pro- 
ducing motion. It has a deeper and broader interest 
for mankind. By its extensive and important appli- 
cations, it may be said to be a great moral power. At 
least, it leads to important changes in the moral struc- 
ture of society. 

805. The steam-engine furnishes abundantly, and 
on easy terms, that article which is required in almost 
every trade — ^namely. Power or Force. Having ren- 
dered this cheap and plenty, it has had the same effect 
on almost every commodity in the procuring of which 
moving power is required. It has thus rendered cheaper, 
and brought within the reach of thousands, articles 
which, in the times of our forefathers, were luxuries 
enjoyed only by the rich. If we cast our eyes on any 
one, even the most trifling, of the many conveniences we 
enjoy (and which we seldom, perhaps, reflect on, from 
our familiarity with them), trace it from the raw mate- 
rial furnished by nature, through its various stages of 
changes by art, we shall find that the steam-engine 
will meet us at every turn. It is draining the mines; 
and, but for it, our supplies of coal would now have 
been nearly ezhausted-^-or it would have become so 



THC STEilM-ENOINB. 165 

dear as to have contracted greatly the sphere of its 
tttiUty. The steam-CDgine is at work in our blaat- 
fiimacesj forcing in thousands of gallons of air erery 
minute, to extract the tough iron from the brittle ore ; 
and by the same powerful machine, the cast-iron is 
formed into bar-iron, possessed of strength and tena- 
city to fit it for suspension-bridges, chain-cables, and 
other purposes, where it has to bear great strains. If 
the steam-engine did nothing else but thus aid in the 
the procuring of coal, cast-iron, and bar-iron, it would 
still be one of the greatest gifts presented by genius to 
man ; but it is hardly necessary to mention that these 
are but a fraction of the multitude of arts and mann. 
factures which could not now be carried on without 
the aid of this all-powerful machine. 

306. The steam-engine is now beginning to be ap- 
plied to the diffusion of knowledge, by aiding the 
printer in his operations. Many of the cheap period- 
icals, which have no small influence in extending the 
knowledge, cultivating the understandings, refining 
the taste, and improving the habits of all classes of 
society, could not be published at the very low rate 
charged for them, and which is an essential to their 
efficiency, without the co-operation of the steam- 
engine. It is thus lending a powerful aid in the ad- 
vance of improvement— in working out a reformation 
which, though proceeding by slow and almost imper- 
ceptible steps, creeping insensibly, like Time himaelf, 
will advance no less surely, and rival that great inno- 
vator in the magnitude of the change it will produce 
on the whole frame of society. 

307. The advantages to our manufactures and tradot 
in facilitating the transmission of goods and intelli- 
gence, cheapening the cost of the interchange of com- 
modities and quickening the rate, bringing distant 
places near, and rendering the treasures of remote 
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countries more accessible — are obvious enough^ and 
can be easily appreciated. But there are higher con- 
siderations than the mere commercial advantages grow- 
ing out of increased facilities for intercourse between 
nations. Free intercourse between different countries 
is eminently calculated to remove those national pre- 
judices and animosities without which war could not 
flourish. The friendships and connections^ and com- 
mercial relations, which would be formed between two 
nations which had been some time at peace, and had 
easy access to each other, and throughout each conn- 
try, by steam navigation and railways, would be a 
powerful barrier against the ambitious or selfish pro- 
jects of those political or* military adventurers, whose 
ends lead them to plunge two nations into the horrors 
of war. That community of feeling which would be 
generated by a knowledge of the true interests of 
nations, would be strengthened by the associations of 
those who had stood in the sacred relation of host and 
guest — who had experienced each other s courtesy and 
hospitality — shared the same pleasures — sat at the 
same board. Facility of intercourse would greatly 
multiply and increase those kindly sympathies, and 
foster those feelings of brotherhood among nations. 
The steam-engine is — and, when each country is inter- 
sected with railroads, will be much more — a powerful 
means of increasing those ties of friendship and com- 
mercial interest^ and assuredly^ along with other 
causes, will hasten the happy period which one may 
now look for without being deemed a visionary, iihen 
it shall be felt that the human race are indeed of " one 
brotherhood" — when " swords shall be turned into 
ploughshares, and spears into pruning-hooks" — - 
" when nation shall not lift up sword against nation, 
neither shall they learn war any more." 



THE STEAM-ENGINE. 1.S7 



SECTION VI. 

STEAMBOAT ENGINE. 

308. The application of the power of eteam to nairi- 
gatioD^ whereby voyages might be made, even with an 
adverse wind or in a dead calm, was sufficiently ob- 
vious ; and, accordingly, we find that every projector 
of machines for applying steam as a power, contem-. 
plated its introduction as a means of impelling vessels 
along their liquid path. We have already noticed the 
project of Blasco de Garay, in the 16th century. Of 
that nothing further is known, than that such a de- 
sign was by him put in execution, and then abandoned. 
3avery projected the application of his engine to navi. 
gation, but seems to have gone no further than throw- 
ing out the idea that a paddle-wheel attached to a 
vessel might be turned, and thus give motion to the 
vessel, by water to be raised by the engine. 

309. The first feasible-looking project for a steam- 
boat, was that of Jonathan Hulls, who took out 
a patent for it in 1736, and, in 1737, published a de- 
scription of it, with a drawing, entitled*-^' A Descrip- 
tion and Draught of a new-invented Machine, for car- 
rying Vessels or Ships out or in of any Harbour, Port, 
or River, against Wind or Tide, or in a Calm." His 
power was procured by the pressure of the atmosphere 
against a vacuum, just as in Newcomen s engine ; and, 
by very ingeniously devised machinery, he transmit- 
ted the motion to a paddle-wheel, and provided for 
the continued rotation of the wheel during the ascent 
of the piston, Mr Tredgold remarks, ^' that it was 
certainly a beautiful contrivance for rendering so irre- 
gular a first mover equable ;" and also " the pamphlet 
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of Hulls bean evidence of bdng the work of an io« 
geniont and well-infonned mind." 

310. In 1775^ a small steamboat was buUt inFranee> 
by a M. Perier^ and is said to hare been successfoL It 
was tried on the river Seine ; but the seheme was aban- 
doned. A larger vessel^ to be propelled by the same 
power, was constructed at Lyons, by the Marquis of 
Jouffray, in 1788 ; but his schemes were overturned by 
the Revolution. The steamboat he constructed was 
140 feet long, fifteen feet wide, and is said to have 
plied on the river Soane, at Lyons, for a considerable 
time. In 1788, an engine for propelling a boat by the 
power of steam was built by Mr 6]rniingt<«, at Fal* 
kirk, under the directions of Mr Miller of Dalswinton. 
It was fitted into a canal boat, and plied with snocess 
on the Forth and Clyde Canal in 1789 ; but the sdieme 
was abandoned, the agitation of the water by the pad- 
dles being found to injure the canal banks ; and was 
not prosecuted elsewhere. In 1795, the ingenious 
Lord Stanhope constructed a machine for propelling 
vessels, which was tried in London, but did not prove 
successful. In 1801, Mr Symington, at the instigaHon 
of Lord Dundas, constructed a steamboat for towing 
vessels on the Forth and Clyde Canal. The project 
seems to have been tolerably successful, but was again 
strangely abandoned. 

311. The first really efficient steamboat was built at 
New York, and launched in 1807. It was constmeted 
under the superintendence of Mr Fultok, an Araerl* 
can, who had long been labouring to introduce steam 
power in ships. The engine was built for him by 
Boulton and Watt, and sent out to Ameriea. Fulten 
had been experimenting in France, and had proposed 
to Bonaparte to employ steam-vessels in his proposed 
invanon of Great Britain. Receiving little encourage- 
ment in Europe, he returned to Americay and there 
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>mpleted hii plan. T]i« first steam vojage was sue. 
SBsfuUy perfonned by his vessel, between New York 
dd Albany, (a distance of 160 miles, performed in 
bout thirty hours ;) and this public demonstration of 
le practicability of steam navigation gave the impulse 
hich has set steam in action on the waters in every 
Darter of the globe. Fulton's project was a good deal 
^ughed at ; and he deserves great credit for his perse- 
Brance, notwithstanding the ridicule and apathy he 
tet with. Such was the temper of some of his own 
lends on the subject, that, after he had conducted 
lem safely to Albany, he was told he could not do it 
;;ain, and, supposing he could, what would be the use 
r it I The sensation produced by the appearance of 
niton's vessel making its way over the waters, was 
ins described in an American paper :^ 

'' She had the most terrific appearance from other 
Msels which were navigating the river. The first 
;eamer8, as others yet do, used dry pine wood for fuel, 
hich sent forth a column of ignited vapour, many feet 
)ove the flue, and, whenever the fire is stirred, a 
daxy of sparks fly off, and, in the night, have a very 
rilllant and beautiful appearance. Notwithstanding 
te wind and tide were adverse to its approach, they 
iw, with astonishment, that it was rapidly coming to- 
ards them ; and, when it came so near that the noise 
* the machinery and paddles was heard, the crews, 
I some instances, shrunk beneath their decks from 
le terrific sight, and left their vessels to go on shore, 
bile others prostrated themselves, and besought Pro- 
idence to protect them from the approach of the hor- 
ble monster which was marching on the tides, and 
Iphting its path by the fires which it vomited." 

312. Fulton thus demonstrated the capability of 
earn to be applied as a moving power for ships. A 
!W days after his successful steam-trip to Albany, 
lotbtr Amtrioan, Stbvkns, who had been long en- 
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gaged in experiments in steam navigation^ effected a 
successful steam voyage in a boat he had constructed ; 
and^ in the course of a few years^ steamboats were to 
be seen plying on the shores^ and along the rivers^ in 
all the populous districts of the United States. 

313. In 1812, a steamboat, called the Combt^ began 
to ply on the Clyde, between Glasgow and Greenock. 
It was of three-horse power, and moved at the rate of 
five miles an hour, against a head wind. This was the 
first successful steamboat in £urope, and was the re- 
sult of the skill and ingenuity of Mr Hknby Bbll. A 
monument is about to be erected to his memory, on 
the banks of the Clyde. Since that time, steam navi- 
ration has made rapid progress, as may be seen from 
the following table, from the Western Almantte for 
1838, shewing the number and tonnage of steam-ves- 
sels sailing on the Clyde in 1837. 



Out-sea boats, (to £ngland and Ireland) 
Boats for passengers along the coast, 

some as far as to Inverness 
Luggage boats, between Glasgow and 

Greenock 
Towing boats 



VCMdt. TOTIMfA. 

IS 3187 



35 

9 
4 

63 



2704 

534 
219 

6644 



Total .... 

In 1814, there were (exclusive of government ves- 
sels), eleven steam vessels, manned by sixty-five men, 
and of 542 tons burden in all, in Great Britain and 
Ireland. In 1828 (fourteen years later), 344 steam 
vessels, manned by 2,708 men, and of 30,912 tons bur- 
den ; and now, (1838), probably, 550 or 600 vessels, 
of from 45,000 to 50,000 tons burden, and manned by 
upwards of 4,000 men. 

The greatest feat yet accomplished by steam, has 
been that of the voyages across the Atlantic, by the 
SiBius and Great Western steamships, in April and 
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May 1838. The Smius made the voyag^e out in 
nineteen days ; home in eighteen days. The Great 
Westbrn accomplished the relorn voyage, from New 
York to Bristol, in fourteen days and seventeen 
hours — a distance of nearly 3,500 English miles. The 
TOjrage out occupied fifteen days, having thus twice 
erossed the Atlantic Ocean in twenty-nine days, seven- 
teen hours: an average ofSiSS milee daUy, or nearly 
ten miles an hour, far beyond some estimates of the 
daily run of a steam-vesseL The average time of the 
•ailing-packets for both voyages, is fifty-four dajrs ; so 
that the steam-ship Great Western has made the 
outward and homeward voyages in little more (less 
than three dajrs) than half the average time required 
by the packets. The average time of the voyage from 
Liverpool to New York is thirty-four days ; from 
New York to Liverpool, twenty days. There is 
reason to believe that, by the usual course of im- 
provement, the steam voyage to New York will be 
reduced to an average of from eleven to thirteen days. 
The Great Western, during her late voyage from New 
York to Bristol, encountered head winds nine days 
out of the fourteen ; and, on one occasion, made 7^ 
knots, (8| English miles,) with a brisk gale directly in 
in her teeth. The results that may be expected to 
follow this great demonstration of the capability of 
steam for long voyages, can hardly be too highly esti- 
mated. The superior safety and regularity of steam- 
vessels— independent of their greater speed—have 
been fully shewn by the steamers between London and 
Edinburgh, London and Aberdeen, England and the 
Mediterranean ; and, when steam communication has 
thus been established between England and the United 
States, it may be said to be now proved to be appli- 
cable for the whole world. Sonth America, India, (by 
the Cape of Good Hope,) will be soon brought nearer 
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Europe by the same powerful agents and thus greatly 
increased facilities be given for friendly intercourse, 
commerce, and the mutual exchange of the higher ben- 
efits of knowledge and civilization^ between all the 
nation^ of the earth. 

It is proper to mention that the first voyage of a 
steamboat across the Atlantic^ was made in 1819, by an 
American vessel, called the Savannah, built at New 
York. This vessel, commanded by Captain Rogers, 
sailed from Savannah on May 83th, 1819, and 
anchored at Liverpool on June 20th ; and, after vi- 
siting Russia, Denmark, and Norway, returned to 
Savannah on the 30th of November, in the same 
year. Nothing further seems to have been done by 
any parties in prosecution of the scheme, till the Spring 
of 1838. 

The Great Western was built expressly for the 

Atlantic navigation, and is said to be of 450 horse 

power, in two engines of 225 horse power each. The 

following are the dimensions of this magnificent 

vessel- 
Feet IncJ 

Length between perpendiculars . 212 

Length over all . 236 

Depth of hold .... 23 3 

Extreme breadth of beam . . 35 4 
Width from outside to outside of 

paddle cases .... 58 4 

Draught of water when loaded . l(i 
Burthen in tons, 1340 

Diameter of paddle wheels . 28 

Length of paddle boards . . 10 
Revolutions of paddle wheels per 

minute, 15 or 16. 

Diameters of cylinder ... 61 

Length of stroke . . • 7 
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Weight of engines . 200 tons. 

boilers . . 100 

Water in boilers ... 80 

Coals intended to be taken . . 600 

capable of carrying . . 800 
Consumpt of coal^ 30 tons daily^ when 
engines at full work^ or 1^ ton hourly. 

20 days' consumpt of coal . 600 

2S^ do. do. . 700] 

S6| do. do. . 800* 

The Great Western made from seventeen to nine- 
teen strokes a minute ; and her wheels made 273>000 
revolutions in all. The consumpt of coal was a ton and 
an eighth per hour. The Sirius is a vessel of 700 
tons burthen, and about 320 horse power. She is fitted 
up with Hall's condensers. In her late voyage from 
New York to Falmouth^ which she performed in 
eighteen days^ her average daily run must have been 
about 190 miles. Her least speed was eighty-nine 
miles per day — greatest^ 225 miles. 

The following are the dimensions of the British 
Queen, the largest steam-vessel ever built, which has 
just been launched at Limehouse, near London, de- 
signed for the Atlantic navigation. This is one of the 
largest ships ill the world, exceeding, by thirty-five feet, 
the length of any vessel in the British navy. 

Feet locbei. 

Extreme length from figure-head to 

tafFrail .... 275 

Length on upper deck 245 

Length of keel . . 223 

Breadth within paddle-boxes 40 6 

Breadth, inclnding paddle-boxes . 64 

Depth of hold . 27 
Tonnage . 1862 tons. 
Power of engines . 500 horse. 
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Feet Inches. 

Diameter of cylinder .6 5^ 

Length of stroke 7 

Diameter of paddle-wheels . SO 

Engines, boilers, and water, 500 tons. 
Coals for 20 dayi^ consiimpt, 600 tons. 
Cargo, 600 tons. 

Draught of water with the above weight 
and stores • • .16 

This splendid vessel is said to have aecommodatioB 
for S80 passengers. 

The Columbus, a Liverpool vessel, also designed 
for the American voyage, is constructed on Mr How- 
ard's plan, (which will be explained immediately.) She 
is a small vessel, of 330 tons, 21^ feet beam, and 145 
feet keel, with IS4 depth of hold, and of 110 horse 
power, having two engines of fifty-five horse power 
each. The cylinder is 40 J inches in diameter, and 
the length of stroke is 36} inches. The diameter of 
the paddle-wheel is 17} feet. From the economical 
arrangements in respect to the fuel and steam, and 
the uncommon lightness of the boiler, it is said that 
she will carry fifty dajrs' fuel, at the same immersion as 
a common steamer of equal power and tonnage can 
carry twelve days' fueL Her estimated speed is ten 
miles per hour. 



314. In the steamboat-engine, the power is applied 
to turn an axis or rod (or shaft), to which a wheel is 
attached. To the rim of this wheel a number of flat 
boards are fixed at regular intervals. "Wlien the wheel 
revolves, these paddle boards act upon the water in 
the same manner as the oars of a boat, the resistance 
of the water propelling the vessel in a direction oppe- 
site to that in which the paddle acts upon the water. 
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The lower paddles are always under the surface^ and^ 
by the revolution of the wheel, a continued impulse ii 
given to the vessel. In this country, condensing en- 
gines are generally used for steam-vessels. They are 
in all respects on the same general plan as the double- 
. acting engine of Watt, differing slightly in the con- 
struction and relative position of the parts. 

315. In many steam. vessels two engines are used, 
acting upon a common axis, and with the cranks so 
arranged that when the crank of one is at its critical 
points, that of the other is in full action ; and thus 
the continuity and tolerable uniformity of the motion 
is insured, without the encumbrance of a fly-wheel. 
In other steamboats, only one cylinder is used. The 
manner in which the parts are arranged in steamboat 
engines, will be readily understood from the follow- 
ing outlines — Figures 27, 28, 29, and 30, Fig. 27 is 
a view looking across the vessel ; Fig. 28, along it. 



Fia. 27. 



Fa. 88. 
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The beam is below the cylinder, not above it, as in 
land-engines; and there are two beams, one at each 
side of the cylinder. The piston-rod has a cross-bar 
(or cross-head), (^d e, Fig, 28,) attached to its upper 
extremity, and passing over the cylinder in a trans- 
verse direction in relation to the boat. From the ends 
of this cross-head d e, rods hang down, attached to 
the ends of the beams at their lower extremities, and 
playing on pivots at both their connection with the 
cross-head and the beams. One of these is marked d b 
in Fig, 28, which represents a view of the piston > 
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with its rod, cross-head, and nde-rods, as seen looking 
along the boat. Fig* 87 is a side view, shewing the 
piston, one side-rod, one beam, and the sitaation of 
the crank, and axis or shaft, marked r, which turns the 
wheels. The beam is in the horixontal position, and 
the piston, as shewn bj the dotted line, in tlie middle 
of the cylinder. 

Fio. S9. Fio. ao. 
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SI 6. Figures 29 and SO will illustrate the manner in 
which the motion is transferred from the beams to the 
axis(r.) A cross-bar (a o) is attached to the extremities 
of the beams farthest from the cylinder. To the 
middle point (n) of this cross-bar is fixed the rod (n m) 
which works the crank. The crank is double ; two of 
its extremities being fixed to the axis r. The other 
two ends of the crank are connected by a short trans- 
verse bar, to the middle of which (m) the rod n m is 
fixed. The paddle wheels are firmly fixed to the rod 
r, which commuoicates the motion to them. 

Sir. The action will be readily understood, with the 
idd of the preceding figures. The piston-rod raises 
and depresses the cross-head {d e. Fig, 98), with which 
the side rods rise and fall ; and these elevate and de^ 
press the extremities of the beams to which tliey are 
attached. The other ends of the beams, alternately 
rising and falling, carry the cross-bar (a o) along, with 
them, which, communicating its motion to the orank, 
by the rod n m, gives a continued circular motion 
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to the uuA, the extremity m of n m detcribing the 
eircle ehewn by the dotted line in Fi§. 27. FigutM 
99 end SO shew two different poutions of the crank. 

318. In all other reepecta, this engine is very aimi- 
lar to the condensingengineof Watt^ already deseribed. 
The parallel motion, eccentric rod, air-pump, con- 
denaer. Sec, are the eame^ and require no description. 

310. Some Bteamboat-engines are now coming into 
me, in which the beam is dispensed with, and thereby 
much room is saved ; and the engine is also rendered 
much lighter. The engine projects considerably abore 
the deck, from which it is quaintly termed the Steepie 
Engine, The following figures will iUustrate one of 
the plans by which this is effected. See also F%gure$ 
^f 34, page 168. 

Fia 31. Fia 38. 





In the above figures, P is the piston, whose rod 

iPc, Fig.B2) terminates in a cross-head {de, Fig. 31.) 
Yom the ends (rf e) of the cross-head, two bent bars 
proceed upwards, meeting at a point (n) in the middle 
of a short horizontal rod (6/, Ftg. 88, Si.) The piston 
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rod carries up and down the triangular frame n d e;^ 
and to the point n is fixed the rod n m, which turns 
the crank m r in the usual manner. The extremity n 
of the rod n m is kept moving vertically^ hy the ends 
(bf) of the short rod^ to the middle of which n is fixed, 
moving in grooves or slides (60), so that the piston rod, 
notwithstanding the inclined motion of the rod n fit; 
is always preserved perfectly vertical. Thus, through 
the medium of the triangular frame, the motion of the 
piston is transmitted almost directly to the rod n m, 
which turns the crank, while, hy the simple contrivance 
of the slides, the vertical motion of the piston rod is 
accommodated to the circular motion of the crank. 
There are two air-pumps worked by the rods from d, e, 
the ends of the cross-head, and two condensers ; and 
the valves and other pumps are worked by eccentric 
rods attached to the axis. 

Fio. 93. Fia 3k 
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320. In Figures 31, 32, the piston is at the top of 
the cylinder, and its rod above the level of the axis, 
and between the shafts of the double crank : the rod 
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hf is at the top of the slides^ and the crank at its 
highest point. In re^olving^ the crank has free play 
from the triangular form of the hars deity and from 
the sinking of the cross-head d 0. In Figures 33^ 34^ 
the piston is at the bottom of the cylinder^ the cross- 
bar d e below the crank and axis^ the crank in its lowest 
position^ and the horizontal bar 6/ at the bottom of 
the slide; W represents the paddles^ turned by the 
axis r. 4 

321. ViBBATiNo Engine. — This is another contriv- 
ance^ by which the beam> and rods connected with it, 
are dispensed with^ and there is a considerable saving 
in room^ weighty akid expense. To adapt the recti- 
linear motion of the piston-rod to the circular motion 
required in the shaft or axis of the engine^ the cylin- 
der^ instead of being fixed> is hung on an axis at its 
middle part> on which it has motion backwards and 
forwards^ assuming alternately the positions of the 
two strokes of an X^ and vibrating about as much as 
a beam on its axis. Thus^ the piston-rod has a double 
motion — up and down^ and laterally^ by which it is 
connected directly to the crank, and thus beam, rods 
for parallel motion, cross-head, side-rods, avoided. 
The simplicity of the structure will be readily under- 
Btood,by referring to Figures 27, 28, p.l 65,and conceiving 
the head of the piston-rod (0, Fig,2S) attached directly 
to the point m of the crank {Fig, 27.) The axes on 
which the cylinder is hung, are hollow : one conveys 
steam to the cylinder from the boiler, the other is the 
eduction-pipe, by which the steam passes to the con- 
denser. The cylinder hangs upon them, in a manner 
similar to the globe of the iEolipile on its axes, (Fig, 
8, p. 72), but not revolving, only vibrating a little 
alternately to each side. This engine is the invention 
ef Mr Witty. It has been improved by Maudslay. 
322. In the boilers of land-engines, the earthy and 
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saline matters contained in the water^ and which ar« 
not evaporated along with the pnre watery part^ are 
deposited^ falling down and forming a crott at the 
hottom^ which requires occasionally to he cleaned out. 
But the quantity of such sediment is not great. In 
the case of marine-engines^ however^ it is very differ* 
ent. The sea-water^ with which the hoiler is suppliedj 
contains a very large proportion of saline matters 
(about S pgr cent.)^ and this^ deposited at the bottom, 
would yeiy soon produce a serious impediment to the 
action of the engine, as well as cause some danger of 
explosion (158, 162.) From sea-water there is de- 
posited not only common salt, but sulphate of lime, 
which forms an extremely hard crust, difficult to be re- 
moved, and giving a slow passage to heat; so that, from 
the heat not being rapidly withdrawn by the water, 
the boiler (if the encrustation be thick) may be ren- 
dered red-hot ; and much fuel is wasted. 

323. It has been customary hitherto to retard the 
deposition of solid matter by an operation termed 
blofoing out. This consists in allowing hot water to 
escape frequently from the boiler. The hot water 
contains, besides the salt it had when it first entered 
the boiler, the salt of a great quantity of the rest of the 
water. For, 100 parts of sea- water contain three of 
salt ; but that quantity of water can hold in tohitim 
thirty^x parts of salt ; hence, 100 parts of water run 
out, will contain the salt of eleven other hundred 
parts of water, besides its own. Thus, the salt will be 
carried out, and little deposit will take place. Of 
course, a waste of fuel will attend the removal of water 
which has been heated, but has not been formed into 
steam to exercise any moving power. This loss has 
been estimated by Mr Tredgold at l-&4th part. This 
is not a great proportion ; but the plan does not en- 
tirely prevent deposit. Hence, a number of schemes 
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have been proposed for remedying this great defect in 
marine engines. The most successful of these are 
Homard^9 Vapour Engine, and HaVt Condemer. 

SS4. Howard's Vapour Enoine.— This engine is not 
designed for vessels alene> but, as its great advantages 
are the saving of room, weight, and fuel, and therefore 
its most important application must be to navigation, 
it may be described here. The plan of Howard's va- 
pour engine is to dispense altogether with the bulky 
and heavy boiler for containing a large quantity of 
water, by forming the necessary quantity of steam 
only at each stroke of the engine. This is contrived 
in the following manner. 

S95. This engine is a condensing engine like Watt's, 
differing in the mode of forming the steam. A shal- 
low pan of wrought iron is placed over a coke fire. 
The pan contains a quantity of mercury, above which, 
and in close contact with it, there is a thin covering of 
iron, so constructed as to present a surface four times 
that of the pan exposed to the fire. This apparatus is 
placed below the cylinder. The steam is procured by 
injecting the necessary quantity of water on the iron 
resting upon the mercury at the proper intervals. 
The power with which the engine works depends on 
the quantity of liquid thus injected, which is regulated 
by a valve moved by a governor, or by the engineer. 
The vapour thus formed passes into a chamber imme- 
diately surrounding the cylinder, in which it is heated 
to about 400% and thus has additional elastic force 
communicated to it. The air which supplies the fire 
enters through a valve, by which the quantity is rege- 
lated ; and, before entering the chimney, the heated 
air passes into a casing, enclosing the vapour-chamber 
which surrounds the cylinder, and communicating part 
of the heat it contains to the vi4[>our before it enters 
the cylinder. The steam is worked expansively, in 
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order btill further to save fuel, the supply being cut 
off at one-fourth of the stroke. It has thus a pressure, 
taking the average of the whole stroke, of 12 lbs. per 
inch, if it was 20 lbs. during the first foiirth. . This 
engine also presents a very ingenious plan of condens- 
ation, by which all deposit in the boiler is avoided, 
and a small air-pump is sufficient to work the con- 
denser. The condenser is a copper vessel set in a 
cistern, continually supplied with cold water. The 
same condensing water is used over and over again. 
Two pumps withdraw the warm water from the con- 
denser, and pass it into a pipe, which winds with many 
turns through the cistern, and thus the injection water 
is cooled. This pipe terminates in the condenser, into 
which its water, now sufficiently cooled, is again in- 
jected; and so on. Distilled water is used for the 
condensation, and for the formation of the vapour, 
and thus, no air being contained in either the vapour 
or condensing water, a small air-pump is sufficient to 
exhaust the condenser. The distilled water contains 
no earthy matters in solution, and there is, therefore, 
no encrustation or deposit on the iron plate, at the 
surface of which the water is vaporised. The quantity 
of coke consumed is 4 J pounds per horse power hourly. 
This engine has been tolerably successful, so far as it 
has been yet tried. Large vessels are now being built, 
to be impelled by this vapour-engine, and intended for 
long voyages, which it may be the means of rendering 
practicable, from the great saving of room and 
fuel. The Columbus is fitted up with this engine, 
p. 164. 

326. Hall's Patent Engine. — The leading pecu- 
liarity in Hall's engine, is the condenser# By its con- 
struction, the same water is used over and over again 
for forming the steam (as in Howard's engine), and 
water free from earthy matter being employed at first, 
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there k no depoiit nor encrustation in the boiler. 
The vapour is condensed without any injection water. 
This is managed by forming the condenser of a num- 
ber of slender tubes^ which are placed in a cistern of 
cold water^ and^ presenting a large surface to the water^ 
are continually kept at a uniform low temperature^ by 
which the steam in the interior is quickly and effec- 
tually condensed. Indeed, there is, in the condenser 
of Hall's engines, a vacuum, so nearly perfect, that the 
mercury in the condenser-gauge stands at times at 
about 29 inches, or even 29}, which is as per- 
fect a vacuum as can be hoped for. In the Sirius, 
which is upon this plan, the engine barometer is said, 
during her voyage to New York, to have been gene- 
rally at 27} inches. From the cylinder, the steam 
passes into a shallow chamber, from the lower part of 
which the tubes proceed. They are open above and 
below. The steam enters them, is there condensed, 
falls out below as water, and is pumped out by an air- 
pump, and conveyed back to the boiler in the usual 
manner. The waste from leakage is supplied by 
distilling sea-water, for which an apparatus is pro- 
vided. By an ingenious form of the safety-valve, the 
steam which, in the usual form of marine engines, 
escapes into the atmosphere when the engine is stop- 
ped or works at a slower rate — is conveyed to the 
condenser, so that there is no loss of the pure water 
used, from this source. 

327. The advantages of this engine in saving fuel, 
forming a good vacuum in the condenser, preservings 
the boiler from being destroyed, either by corrosion of 
the salt, or action of the high temperature caused by 
encrustation, and several other improvements which 
it presents, have brought it much into notice. It has 
been employed both on land and water, and, it is 
probable, will be the means of facilitating the intro. 
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duction of steam. navigation for long voyages —the 
great steam desideratum of the day. 



EXPLOSION OF STEAM-BOILERS. 

328. The explosion of boilers is an interesting 
subject connected with steam navigation. In i817> a 
committee was appointed by the House of Commons, 
" to consider of the means of preventing the mischief 
of explosion from happening on board steamboats." 
A number of witnesses, from among engineers and 
masters of vessels, were examined. The committee 
was appointed in consequence of an explosion at 
Norwich, followed by unusually fatal consequences. 
The following abstract of the opinions of the witnesses 
may be interesting. 

329. Mr Bbyan Donkin thought that the explosion 
was caused by the steam being of too high elastic 
force, and the boiler being deficient in strength at one 
end, which was formed of cast-iron. He considered 
that cast-iron boilers were of very uncertain strength, 
from the cast-iron contracting in various degrees at 
different parts. In the explosion of a cast-iron boiler, 
from its more brittle nature, the metal is apt to be 
broken into fragments, and thrown about with great 
violence ; but a malleable iron boiler tears or gives 
way at the joinings. Mr Timothy Bramau thought 
that the pressure of the steam might be about 120 lbs. 
to the inch, at the time of the explosion ; the engine 
was generally worked with a pressure of about sixty 
lbs. to the inch. The malleable iron boiler, in ex- 
ploding, generally tears and opens out ; the cast-iron 
bursts like a shell, projecting the fragments to a con. 
siderable distance. He recommended two safety- 
valves, one to be locked up from the engine-man, but 
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to be frequently examined> to ascertain that its action 
is perfect. Mr John Taylor had an engine, with a 
boiler having one end of cast-iron. The boiler was 
proved for 100 lbs. per square inch, usually worked at 
forty lbs. ; but the cast-iron end broke one day with 
less than twenty pounds pressure. The fracture was 
caused by the heat expanding the cast-iron unequally, 
which was thereby kept in a strained state. Boilers 
have been weakened very much by the water having 
been evaporated too low, so that the bottom begins to 
be acted upon by the fire. With good wrought iron, 
boilers may be made perfectly safe, up to the pressure 
of from four to five hundred lbs. per square inch. Mr 
CoLLiNGB stated that cast-iron, in large masses, is apt 
to contain cells of air, so that there is no certainty as 
to its solidity or strength. Mr Chapman thought 
there should always be two safety-valves, and a mer- 
curial gauge, of not less than an inch, which would 
also act as a safety-valve; and that the mercury 
should be frequently examined to see that it had not 
stiffened by oxydation. Boilers should be cylindrical, 
with hemispherical ends. Mr Philip Taylor consi- 
dered that no portion of the boiler should be exposed 
to the action of the fire, that was not covered by water 
in the interior. To guard against the boilera being 
injured by the action of the fire, from a deficiency of 
water in the boiler, he inserted a leaden rivet in such 
a situation that it would melt as soon as it was unco- 
vered by the water, and produce an opening which 
could permit the escape of the steam. Mr Henry 
Maudslay said, there should be at least two safety- 
valves, and that they should be frequently raised to 
keep them in action, as they may otherwise corrode 
and stick ; and a very little friction will add a great 
many pounds weight to the opposition the steam ought 
to meet with. Some said that cast-iron boilers might 
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be made itronger than those of wrought iron, and 
were less liable to corrode^ but were more dangerous 
when they did explode. 

SSO. The committee in their report recommended^ 

** That all boilers belonging to the engines bj which 
each vessels shall be worked^ should be composed of 
wrought iron or copper. 

** That erery such boiler should be provided with 
two sufficient safety-valves^ one of which should be in- 
accessible to the engine-man, and the other accessible 
both to him and to the persons en board the packet. 

** That the inspector shall examine such safety-valves^ 
and certify what is the pressure at which such safety- 
valves shaJl open, which pressure shall not exceed one- 
third of that by which the boiler has been proved, nor 
one-sixth of that which, by calculation^ it shall be 
reckoned able to sustain." 

831. Explosions of steam-boilers take place wader 
very different circumstances ; Istj Simply from the ac 
onmulation and undue increase of the elastic force of 
the steam, the safety vahfe being &wrhaded, or to- 
coming gagged (adhering eo as not to act) ; %d. From 
the boiier having been so much weakened as to he lues- 
pMe of bearing the tumal and necessary pressure of the 
steam ; 3<f, When the safety valve is in good working 
condition, and just after it has been raised. 

In the case of the safety-valve being overloaded, 
there is not so much chance of this doing any harm 
when the boat is in motion, and the steam is getting 
vent by the cylinder and condenser ; although some 
explosions have taken place while the engine was in 
full action. Accidents may occur to stop the boat 
suddenly, or raise quickly a very great quantity 
of steam ; and, even were these the only times at 
which explosions occur, the safety valve should be 
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particularly attended to, so that it shall never be 
loaded more than is sufficient to preserve the steam of 
the necessary strength for propelling the engine. The 
boiler also must be frequently examined. It gets 
speedily corroded, and in some cases may very soon 
be unable to bear even the small pressure requisite to 
work the engine. 

But it is not when the engine is in full action that 
explosions generally occur. There is little risk when 
the steam is consumed in the cylinder and condenser. 
It is when the vessel is just about to stBit^-during the 
interval between the shutting of the safety-valve and the 
starting of the engine. During this critical period, the 
steam is, of course, accumulating, and acquiring in- 
creased strength in the boiler, not getting vent either 
by the valve or condenser. Now, the safety-valve 

SHOULD BE AS LITTLE TRUSTED TO AS POSSIBLE j and, if 

that critical period between the shutting of the valve 
and starting of the engine be unduly lengthened, an 
explosion is apt to ensue; and a thousand causes, 
which cannot be foreseen, may and do often occur, to 
delay the starting of the engine. The safety-valve 
ought, therefore, always to be fully open till the mo- 
ment of starting. But this is not the case in general. 
The critical period when the safety-valve is most likely 
to be required, and there is great danger should it not 
act, is often greatly prolonged ; so recklessly do the 
individuals in charge of the vessel — for the sake of a 
few cubic feet of steam, two or three minutes' gain of 
time, having a strong power of steam to make up to or 
keep a-head of some other boat, or with the vain de- 
sire of shewing how promptly they can stop and start 
the vessel again, and forgetting that the boiler is 6e- 
coming daily weaker, and the safety valve apt to fail—- 
trifle with the lives of those who entrust themselves 
to their charge, depending on their skill and prudence. 
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To prevent accidents occurring from the above 
cause-^ 

1. Steasi-vessds ought to have at least two safety- 
valves, of irhich one should not be under the control 
of the engineer. 

2. These should be frequently examined, to ascertain 
that they are in proper working condition.* 

S. That under the control of the engineer, should 
have an index or scale attached, so as to be under the 
eye of the passengers, that they may be enabled eanly 
to know the extreme pressure allowed him, and the 
amount he is applying at any time. 

4. It should be one which can be completely raised 
in a moment. It should have a lever or handle, by 
which it can be opened easily, instead of a number of 
separate weights, which can only be lifted off <me by 
one. 

5. The mercurial gauge should be attached to every 
boiler. It acts also as a valve. Mr Chapman above 
recommends that it should not be less than an inch 
diameter. It might be made two inches diameter, at 
no great expense, in condensing engines. 

9, If possible, some sort of hydrostatic safety-valve 
should be devised for steamboats. This is a very sure 
and quick-acting valve. 

But there are many well-authenticated cases, in 
which the boiier ha» ejfphded immediately after opeHin§ 
the sufety-valve. This is rather strange, that letting 
off steam, and thereby diminishing the pressure on the 
boiler, should cause it to explode. Yet this has so 
often been observed to/bUow the raising of the safety- 
valve, or the discharge of steam by some aperture, that 
there is very little reason to doubt that they are in the 

* The more valves the better. It is not likely that they will 
be all gagged at one time* 
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relation to each other of cause and effect. The only 
way of accounting for this is on the supposition of Mr 
Perkins^ that there has been a deficiency of water in 
the boiler^ in consequence of which the parts of the 
boiler immediately above the water^ and exposed to 
the heat of the fire> beo<Hne red Jiot^ or at least too 
highly heated. As long as the safety-valve is dosed, 
the steam^ being highly heated by the hot sides of the 
boiler, presses upon the surface of the water, resists 
its passage to the aerial state, and causes the liquid to 
boil slowly and gently. But, whenever the safety- 
valve is opened, the steam escapes, and the pressure 
is diminished, the water boils more freely, and at the 
same time is agitated, and thrown up on the hot sides 
of the boiler ; hence a very great quantity of steam 
is suddenly formed, more than can escape with suffi* 
cient rapidity by the aperture in the safety-valve— an 
explosion is the necessary consequence. Now, this is 
very likely to happen when a steam-vessel stops at any 
port for a short time in the course of her voyage. 
Water is supplied to the boiler by the action of the 
engine, so that the supply is cut off when the vessel 
stops. But the fire is not stopped, so that steam con- 
tinues to be formed, and the water sinks in the boiler. 
If the safety-valve be open, the steam will escape, and 
the agitation of the liquid in boiling freely will pre« 
vent the too great heating in the sides of the boiler. 
But the safety-valve is frequently kept down when 
near starting, to accumulate steam; and when the 
pressure is taken off the boiler, by opening the valve 
for security, or by setting the engine agoing, the steam 
getting an outlet by the valve or cylinder, the effects 
just described must follow. There is reason to 
believe that this was the cause of the explosion of the 
EARLGsBy at Greenock, in 1835, and of the Vjgtoria 
last winter. Two very fatal explosions in America 
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took place immediatelf after the engine was set 
agoing. 

This source of danger might be guarded against by 
a proper feeding apparatus^ to keep the boiler always 
sufficiently supplied with water^ even during the stop- 
page of the boat^ for however long or short a period ; 
-^by relieving the boiler of its steam very slowly and 
gradually^ when the safety-valve is to be raised^ or 
the engine started; — by having a boiler-gauge shewing 
the level of the water^ and a steam-gauge shewing the 
pressure of the steam^ under the eye of the engineer 
who controls the valve^ that he may know what he is 
doing ; — by having a plug of some fusible metal in the 
boiler^ a little below the proper level of the water^ so 
that when the water sinks below this^ and the metal 
gets too highly heated^ this plug will melt> and per- 
mit the escape of steam ;* — or simply^ by adhering to 
the plain rule of keeping the safety-valve open while 
the engine is not going. No doubts a little steam' 
would be lost in this way^ and the vessel would lose ai 
minute or two in the starting^ and not go off with so 
dashing an effect ;— -the considerations forwhich^ there 
is too much reason to believe^ the lives of passengers 
are often hazarded. 

That steamboats explode in America^ where they 
are worked by high-pressure steam^ is not so singular ; 
but that the boilers of condensing engines^ with low- 
pressure steam of 5 to 6 Ibs.^ should so often burst as 
they do in this country^ is discreditable to the parties 
concerned— either the builders or those in charge of 
the engine. The engineer of the Oronoko^ which 
exploded lately on the Mississippi^ and caused the 
death of about 100 individuals^ declared that the 

* Perhaps this would be rather inoonvenient in a steamboat 
engine. It has been reoonunended, however. 
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boilers were old and worn out, and not fit for service. 
Boilers must get corroded and weakened, by constant 
exposure to heat. We trust that there are few en- 
gines with such boilers pljring on the shores or rivers 
of Great Britain ; but we think that the owners of 
steam-vessels owe it to the public at least to adopt 
the precautions recommended by the Parliamentary 
Committee, and one or two other regulations and 
simple contrivances, which would render explosions 
next to impossible. 



SECTION VII. 
HIGH-PRESSURE ENGINES. 

332. In the engines which have been described in 
the last sections, steam, about or near the ordinary 
pressure of the atmosphere, is used. Such steam is 
raised at a moderate temperature, and is attended with 
little risk of an explosion. But it can have no motive 
power, if resisted by the atmospheric pressure : to give 
such steam an impelling force, the space into which it 
acts (pushes the piston) must be a vacuum, or nearly 
so. Hence the necessity for a condensing apparatus, 
embracing condenser, air-pump, cold-water-pump, &c. 
These are termed Condensing or Low-Pressure En- 
gines. They are both costly and cumbrous ; and, if it 
is desired to have an engine as cheap, simple, and 
light as possible, this is effected by dispensing with the 
condensing apparatus. The steam, in such a case, will 
be resisted by the atmospheric pressure; and, therefore, 
to do any work, must have a pressure much higher 
than steam acting against a vacuum. Simply to bal- 
ance the air 8 pressure, it must have an equal force ; 
and it will exert no impelling power until it exceeds 
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it coDBiderably. Sucti enginM kre termed HtoH-Pan- 

aUHE, or NoK-CoNDBHBINO. -' 

333. Saverj'a engine «•■ (to ihe second part of it« 
action) ahigi-pTeBsura en^ne; to were those of Wor- 
cest^aod De Cane. One of tbe lioipleat was that 
devised by Leopold, a German, author of a work of 
some value, entitled, Theatrum Ma^inarum. This 
engine, invented about 17S0,ie repreKnted in the fol- 
lowing figure :— 




Two cylinders with pistons were placed above a 
boiler, each having an aperture at its lower part, com- 
municating with the boiler, or with the open air. Re- 
cording to the positioQ of a valve, called a four-way 
cock, interposed between the boiler and cylinder*. 
The cylinders are open above, and the pitton rods ue 
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attached to levers or bMtni, which they work. In 
Fig. 3J, iteam is enteriog the cylinder r, and pushinf 
np the piston, the force of the steam being sufficient 
to overcame the pressure of the air, the weight sod 
friction of the piston, and the reKistance at thither 
end of the beam A. In the cylinder « the pinoo is 
descending by its own weight, (the steam, which, by 
the position of the four-way cock, has free access to 
the air, rushing out,) and thus pulling down the extre- 
mity of the beam g, to which it is attached. ^Vhen 
the piston in r has reached the top of its cylinder, and 
that in > is at the bottom, the four-way cock is turned 
to the position shewn in Fig. 36. Thus, FiaSS. 
steam is again admitted to i, to push up 
its piston, and the steam in r haa access 
to the air — it rushes out, its elasticity 
is greatly weakened, and the piston in r 
descends. The four-way cock was con- 
trived by Papin. This engine was pro- 
posed by Leopold for raising water," 
pump-rods being attached to the extre- 
mities of the beams 9 and h. This was the first high- 
pressure engine in which the motion was transmitted 
by a cylinder, piston, and beam; and the steam, after 
having performed its work, was made to escape into 
the air — the method now employed in all high-prea- 
sure engines. 

334. The next high-pressure engine, the first that 
came into use, was that of Messrs Trevithick and 
Vivian, a very simple and beautiful contrivance, and 
which, while it is applicable to the usual purposes for 
which condensing engines were used, was the first 
engine applied to locomotion, in drawing waggons on 
railways. Their engine waa constructed about 1H0«, 
and, two years after, was in use upon a railway at 
Merthyr Tydvil in South Wales. 

335. In the eogioeof Trevithick and Vivian, the boiler 
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was of peculiar construction. It was of a cylindrioal 
fonn^ with flat ends. The flue, oarrying off the heated 
air from the grate> made a hend like a U through the 
boiler, from one end of it to the other^ where it ter- 
minated in the chimney. The flame and heated air 
thus winding through tilie boiler^ communicate a con* 
siderable quantity of heat to the water. The cylinder 
was in a great part immersed in the boiler, by which 
its temperature and the elasticity of the steam 
were maintained ; and it was closed above, and the 
steam was made to produce the downwards as well as 
the upwards stroke. The four-way cock was used. 
It was placed near the top of the cylinder, and com- 
municated with both ends of the cylinders by tubes. 
By its action, steam was alternately admitted from 
the boiler to abwe the piston, and from below the pis. 
ton to the air ; and next, from the boiler to bekno the 
piston, and from above the piston to the air. Thus 
the engine acted with a force proportioned to the ex- 
cess of the steam pressure above the air's pressure. 
The steam, upon leaving the cylinder, passed into a 
tube, which led through a vessel of water, which was 
thus heated and supplied to the boiler by a force-pump. 
It then entered the chimney, assisted in creating a 
draught, and escaped into the air. The end of the 
piston rod was attached to a cross-bar, whose motion 
was preserved vertical by slides, as 6/ in Fig. 38, p. 1 67. 
At its extremities were two side-rods, as in Fig, 28, p. 
165, which worked the cranks in the usual manner. 
By a fly-wheel the motion was equalised ; and, if ne- 
cessary, could be regulated by a governor, as already 
described. 

336. As the steam in this engine had a high elastic 
force, about 70 lbs. to the square inch, and was, there- 
fore, more liable to burst the boiler, besides the usual 
safety-valve, another was provided, not under the 
control of the engineer ; and, in case of the water 




falling too low, uid the boiler thereby becoming too 
hot, and fonning steun too rapidlj', or corroding, a 
■mall part of the aide of the bmler, just below the 
lowest level at which the water shonld be, waa formed 
of a fiuible metal, as lead, or some metallic compoai- 
tion, which melted at that temperature when danger 
might ensue, and gave exit to the steam. The (team 
gauge would also act aa a ralve, the mercury being 
expelled hy the force of the ateam when too high in 
the limb exposed to the air, and of course too low (or 
altogether out) of the other. 



SECTION vni. 

LOCOMOTIVE ENGINES ON RAILROADS. 

337. In a movable engine, it is evident that light- 
ncES and compactneas are two principal objects. Hence 
the condensing engine of Watt, with its bulky and 
cumbrous beam, condenser, air-pump. Sec, however 
well adapted for a stationary engine, is totally inap- 
plicable for the purposes of locomotion. The object 
of the condensing apparatus is to produce a vacnum, 
that steam, of little or the ordinary elastic force, may 
act with considerable power. In locomotive engines, 
all this apparatus is dispensed with ; the steam acting 
on one side of a piston is resisted by air pressing on 
the other aide ; the steam must bave an equal force 
simply to balance the air's pressure ; it exerts no mo- 
tive power until it exceeds that, and therefore, to do 
any work, must bave a pressure very much higher 
than steam acting against a vacuum. Hence, for loco- 
motive engines HioH-PitESSunE Steak is always em-, 
ployed, the steam, after performing its office, being 
ftllowed to escape into the air. 

33S. The first locomotive engioe on a railway, wa^ 
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that of Trevithick and Vivian in 1:604. Their engine 
for this purpose^ was on the same principle as that 
described in 3S6, differing a little in the arrangement. 
The cylinder was horizontal^ the piston moving pa. 
rallel to the road, and taming cranks bj which the 
motion was transformed from rectilinear to circnlar 
motion, and transmitted to the wheels. This locomo- 
tive engine seems to have been very successful ; and 
yet, for nearly thirty years afterwards, little was done 
to extend the use of steam as a locomotive power. 
Indeed, until the opening of the Manchester and 
Liverpool Railway in 1830, it could not be said that the 
public were at all aware of the practicability and ad- 
vantages of locomotive steam-engines on rulways. 

339. At first, it was proposed to draw waggons on 
railways, by ropes attached to stationary engines at 
convenient distances. This plan was considered ne- 
cessary from the idea entertained that, if the power 
were in the carriage to be moved, the wheels would 
slip on the roil, and be turned round and round, while 
the carriage would remain still. This would no doubt 
be the case, if the surfaces of the wheel and rail were 
perfectly smooth, and there were no friction between 
them. It was supposed that there was not enough 
friction to give a resistance sufficient to cause the wheel 
to move onwards, instead of turning on its axis. 
This is termed skidding of the wheels. It was pro- 
lK>sed to make the wheel and rail toothed, which was 
tried, but the motion found so rough, and the tear and 
wear so great, that it was abandoned. Next, to the 
engine propellers were attached, which took hold of a 
fixed point, and thus gave a resistance by which the 
carriage was impelled onwards. But all these schemes 
were given up when it was ascertained that there 
really is sufficient friction or resistance between the 
rail and wheel, to prevent any skidding of the lat- 
ter. 



340. Tbe followliig figure repremnts a locomotive 
engine for a rftilwa^. The frame (A) Ib of wrought 
iron, and verj strong. Its length is fifteen feet, 
breadth seven ; and It resta on fonr tpTinge, which are 
supported hj the four wheela. The boiler (B) is of 
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wrought iron ; at the left^ is the furnace (C) ; at the 
rights the chimney. On the top of the chimney is a 
wire-net capping (D)^ which arrests the ignited hits of 
coke^ carried upwards by the rapid draught. The 
boiler is a long^ somewhat cylindrical vessel^ with a 
number of tubes of thin sheet copper or brass within 
it> traversing the lower half. The tubes are sur- 
rounded by the water^ and through them the hot air 
from the furnace passes ; so that> besides the direct 
heat of the furnace, considerable heating effect is pro- 
cured from the hot air^ as it passes through the tubes 
on its way to the chimney. The tubes are about ninety 
in number, and one and a-half inch in diameter. The 
boiler has two safety-valves (G and H) ; the first is un- 
der the control of the engineer, and he can load it to 
any extent up to a certain limit, and thus regulate the 
power of the engine. The other is not under his con- 
trol, and is always loaded so that it does not permit 
the steam to acquire strength beyond a certain point, 
a little beyond what is required to work the engine. 
The tubes I convey the steam from the boiler to 
the cylinder. These tubes are provided with throttle- 
valves, under the control of the engineer ; so that he 
can, as necessary, shut altogether or contract the con- 
nection between the cylinder and boiler, so as to stop 
the engine, or adjust the quantity of steam admitted, 
so as to produce any desired rate of motion. In these 
engines, the engineers perform the part of the go- 
vernor in engines for impelling machinery. £, K, are 
gauge cocks, by which the height of water in the 
boiler may be learned in the usual manner. 

341. The steam from the boilers enters the valve*box 
(K), from which it is admitted alternately above and 
below the piston. From the cylinder, the steam passes 
by the pipe R to the chimney, after it has produced its 
action on the piston, rushing there with great force, and 
producing a powerful draught through the furnace. 
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349. At Ike top of the piston-rod is a cross-bar or 
cross-headj from whicli two side rods (M)^ descend to 
work the bell crank (N N) ; the triangiilar frame N' N 
turns at N'. The rods M act on one lever of this 
bell cranky while to the other extremity is attached 
the rod O^ which by the usual crank turns the wheel 
like a common spinning-wheel. The cranks on each 
wheel are at right angles to each other^ so that they 
are not both at the dead points at the same time. To 
the perpendicular lever of the bell crank is attached a 
rod (P), which it works. This is the rod of the force- 
pump by which the boiler is supplied. The water is 
contained in a carriage called a tender^ behind the 
engine. The pipe which conveys the water to the 
force-pump is seen at the left> below the engineer. 
The bell crank movement requires no parallel motion ; 
the lever to which the side«rod M is attached is long^ 
so that the segment it describes is nearly a straight 
line — at least does not deviate materially from the 
verticaL By the levers F^ F^ the engine is directed 
by the engineer^ these levers acting upon the valve, 
and directing the course of the steam^ so that the engine 
may be moved backwards or forwards as required. 

313. In many locomotive engines now constructed^ 
the cylinders are not exposed to the air^ by which a 
considerable saving of heat is effected* They are 
placed in a casing immediately under the chimney, 
which is kept warm^ both by its being near to the end 
of the boiler^ and by the heated air rushing to the 
chimney. By successive improvements in the boiler 
and other parts of the engine^ the fuel required has 
been reduced from about 2.41 lbs. coke to transfer a 
ton a mUe, (which was the quantity required in Mr 
Stephenson's engine^ the Rocket, at the time of the 
opening of the Liverpool and Manchester Railway,) to 
0.33. lb. per ton transferred a milej or even less— about 
one-third of a pound of coke. 



SECTION IX. 



341. In 1631, B Bteam -carriage plied betv 
cester and Cheltenham regularly for four ir 
the common turnpike-Toad. 'I'hia carriage 
■tructed by Mr Goldswohtbt GttBNKV, whc. 
tion it wu. I>r Robison, Mr Watt, Oliver 
America, and Mr Symington of Falkirk, had 
the idea of asing steani for cnrriages on comr 
Also, previously to Mr Gumey, attempts to 
& ateam-carriage for common roads had beei 
Mr Trevithick in 1803, Mr Griffiths in IH'il 
doD in 1834, MesBTB J. and S. Seaward, ai 
HiU and Bumall. But none can he said t( 
to a Bucceaaful result, till that of Mr Gurne 
in IB37. The first sufficient trial of Btenm 
carriages on common roads was hy Mr Gur 
in 1820, travelled from London to Bath, an 
hia steam-carriage. To the disgrace of the ii 
who had charge of the roada where Mr Gut 
riage was running in 18.11, the difficulties en 
were so great, from beoi^ tolls imposed, nn 
lions placed on the road, that, after runnin 
fully for four months, it was abandoned. A 
petitioned Parliament, and a committee was 
to inquire and report upon the lubject. 

3i5. The following extracts from thi 
contain some interesting information on 
ject ; — 
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rate at which he has run is between twenty and thirty 
miles an hour." 

Mr Hancock '^ reckons that, with his carriage, he 
could keep up a speed of ten miles an hour^ ivithout 
injury to the machine." 

Mr Ogle states, *^ that his experimental carriage 
went from London to Southampton, in some places at a 
velocity of from thirty-two to thirty-five miles an hour. 
That they have ascended a hill^ rising one in six, at 
sixteen and a-half miles per hour ; and four miles of 
the London road, at the rate of twenty-four and a-half 
miles per hour, loaded with people." 

Mr James Stone states, " that thirty-six persons 
have been carried in one steam-carriage. That the 
engine drew five times its own weight, nearly at the 
rate of from five to six miles an hour, partly up an 
inclination." 

Mr Farey gives as his opinion, '' that steam-coaches 
will very soon, after their first establishment, be run 
for one-third of the cost of the present stage-coaches." 

'' In steam-power, there is no danger of being run 
away with, and that of being overturned is greatly 
diminished. Mr Farey considers that the danger of 
explosion is less than the danger attendant on the use 
of horses in draught. 

" There is every reason to expect that, in the end, 
the rate of travelling by steam will be much quicker 
than the utmost speed of travelling by horses." 

The committee stated in conclusion :— '^ Sufficient 
evidence has been adduced to convince your com* 
mittee— 

" 1. That carriages can be propelled by steam on 
common roads at an average rate of ten miles per 
hour. 

'' 2, That at this rate they have conveyed upwards 
of fourteen passengers. 
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3. That their weight, including engines, fuel, wa< 
ter, and attendants, may he under three tons. 

^' 4. That they can ascend and descend hills of con- 
siderahle inclination, with facility and safety. 

^* 5. That they are perfectly safe for passengers. 

'^ 6. That they are not (or need not he, if properly 
constructed) nuisances to the puhlic. 

^* 7. That they will become a speedier and cheaper 
mode of conveyance than carriages drawn by horses. 

'* 8. That, as they admit of greater breadth of tire 
than other carriages, and as the roads are not acted 
on BO injuriously as by the feet of horses in common 
draught, such carriages will cause less wear of roads 
than coaches drawn by horses." 

346. As this report is founded on the evidence of 
men who are inferior to none in scientific knowledge, 
practical skiU, and experience, there is reason to con- 
sider the hopes it holds out as well-founded ; and that 
the time is not far distant when steam will be in con- 
stant use in propelling carriages on common roads. 



SECTION X. 
ROTARY ENGINES. 

347. In all the engines hitherto described, applied 
to produce a rotatory or continued circular motion— as 
the steamboat engine, the railroad engine, the engine 
for machinery— the steam produces at first an alternate 
rectilinear motion, which has to be converted into cir- 
cular motion, by machinery interposed between the 
steam and the axis or shaft to be turned. The piston 
and cylinder, beam and crank, are all interposed be- 
tween the axis and the steam. These are cumbrous 
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and costly ; and manj attempts have been made to 
diapense with them all, hj appljing the force of steam 
BO as to produce a circular motion at once. Such an 
engine, in which the eteam is made to act in a circular 
direction, ia termed a Rotabt or Rotatorv Engine. 

348, The tint idea of such an application of steam 
seema to have been au^eated by Watt in his patent 
of 1T69, from which the following, describing hie 
scheme for a rotary engine, ia taken : — 

" Fifthly, where motiona round an axia are required, 
1 make the steam-ressela in form of hollow rings or cir- 
cular channeli, with proper inlets and ontleta for the 
steam, mounted on horicontal azlee, like the wheels 
of a water-mill ; within them are placed a number of 
valvea that raffer any body to go round the channel in 
one direction only ; in these Bteam-TeaaelB are placed 
weighte eo fitted to them as entirely to fill up a part 
or portion of their channels, yet rendered capable of 
moving freely in them by the means herein after men- 
tioned or specified. When the steam is admitted in 
these engines between these weights and the valves, 
it acta equally on both, eo as to raise the weight to 
one ude of the wheel, and, by the reaction of the 
valves successively, to give a circular motion to the 
wheel, the valvea opening in the direction in which 
the weights are pressed, but not in the contrary ; as 
the steam-vessel moves round, it is supplied with steam 
from the boiler ; and that which has perfonned its 
office may either be discharged by means of condensen, 
or into the open air.' 

Such was the scheme of the first rotary engine. 
Although not successful, it shews the fertility of 
Watt's mechanical genius, who had anticipated and 
thrown out some scheme for almost every variety of 
form in which steam could be used. 
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Flo. 38. 




349. The above figure (38) is a representation of 
a rotary engine in use, the patent of Mr Job Ryder, 
but only a slight modification of one devised by Messrs 
Br amah and Dickenson in 1790. A vertical section is 
shewn. F K L and B D 6 are two cylinders^ with a 
space between. The shaft (O) to be turned, is fixed to 
the inner of these cylinders, and revolves along with 
it. The outer cylinder is fixed. In the inner cylin- 
der are deep grooves or slits, into which the slides or 
plates a a fit, having free motion along the niche or 
slit. £ach slide is connected to the opposite one by 
pins through the shaft. A fixed partition (H) separates 
the space between the two cylinders into two divisions. 
On each side of the partition, there is fixed a rib, or 
part of an eccentric ring, ea ar, shewn by the dotted 
line. The steam is admitted by the opening S, and 
passes out by the opening C,to the condenser, or to the 
air, if the engine be a high-pressure one. When steam 
enters at S, it will press upon the partition H, 
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and the slide a'. The partition is immovable ; there- 
fore the slide will be pushed in the direction shewn 
by the arrow^ and carry round the cylinder B D G along 
with it^ and the shaft O. Wlien the slide arrives at n^ 
it will be forced back into its channel by the rib n r, 
and steam will escape by the aperture C. By this 
time another slide will have come to the position a', 
and be pushed round in its turn. It will be evident^ 
from the direction of the rib n r, that it will gradually 
push the slides farther back into their grooves^ till^ at 
the highest pointy it permits them to pass the partition 
H. After they have passed the partition, the rib 
again permits them to slide out of their grooves, and 
give effect to the action of the steam upon the cylinder 
B D G. In this manner the continuous rotatory mo- 
tion is kept up — ^the slides acting as a crank, with the 
steam applied to it directly. 

350. Most of the rotary engines have been some- 
what similar to this in the general form. It is consi- 
dered by some that rotary engines will not be found 
advantageous, from the g^eat friction, the difficulty 
of adjusting the parts so as to act perfectly, and a loss 
of power attendant on the manner in which the steam 
acts. This arises from the circular motion of the valve 
or slide, which acts as the piston ; the pressure of the 
steam being equal at every part, it is the same near 
the centre of motion as at the distant parts ; the effects 
of these equal pressures will be as the distances from 
the centre, and limited by the force produced at the 
most distant part. 

351. A rotary engine of a different conrtruction, 
used in America, has lately been much talked of. It 
is exactly on the principle of a Barker's mill, or of 
Hero's iEolipile, the first machine moved by steam 
(164). The principle on which it is constructed will 
be readily understood, by referring to the figpire of the 
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iEolipile^ page 72. An engine of this kind was pro- 
posed by Kempel^ and described in a Oerman work^ 
published in 1794. The arms of the iEolipile^ with- 
out the ball or globe^ and lying horisontally^ may con- 
vey an idea of this rotary engine. A vertical pipe 
from a steam-boiler terminated in a horizontal arm^ 
which had free motion round the pipe. The arm was 
hollow, and had apertures at the oppoHie Mm of its 
two extremities, by which the steam issued, and pro- 
pelled the horizontal pipe in a direction opposite to 
that in which the steam escaped. This is an extremely 
simple piece of machinery. Perhaps no engine can be 
simpler in construction. It has been lately revived by 
an American, Avebt, with much success in his own 
country ; and one has been constructed by Mr Ruth- 
ven in Edinburgh^ which is looked to with much inte- 
rest. The arms are about five feet long, five and a-half 
inches broad, flattened like the sheath of a sword, and 
sharpened at both edges, so as to receive as little re- 
sistance as possible from the medium in which they 
move. The apertures by which the steam issues, are 
l-4th inch in diameter, l-90th area. The engine con- 
structed by Mr Ruthven, and in operation at his works, 
is about fifteen horse power. It may be worked with 
a pressure of from 30 to 70 lbs. per inch on the safety- 
valve, and, when in full action, the arms make about 
fifty revolutions in a second. They are set vertical, 
and revolve in a cast-iron case, about eight inches wide, 
so that they are not seen. If it be found available, it 
will be extremely valuable, from the cheapness of the 
first construction, and the simplicity of its operation, 
so that there will be little expense for repairs. We 
understand that Mr Ruthven has received a number 
of orders for his engine. 
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SECTION XL 
POWER OF STEAM-ENGINES. 



353. In Bpeaking of the power or force which an 
engine exerts, it is necessary to have some measure of 
force, or standard of reference. That Used in this 
country is a horge^pawer, a force equal to that which 
the average strength of a horse was believed capable 
of exerting. This has been estimated at 33,000 avoir- 
dupois pounds weight, raised one foot high in a 
minute. There have been different estimates as to 
the real power of horses, and it is now considered 
that, taking the most advantageous rate for using 
horse-power, the medium power of that animal is equal 
to about 22,000 lbs. raised one foot high per minute. 
However, the other, 33,000 lbs., is taken as the stand- 
ard, and is what is meant when a horse-power is spoken 
of. In comparing the power of a steam-engine with 
that of horses applied to do the same work^ it must be 
remembered that the engine horse-power is 33,000 lbs. 
raised one foot per minute, the real horse power only 
22,000 lbs. ; and that the engine will work unceasingly 
for twenty-four hours, while the horse works at that 
rate only eight hours. The engine works three times 
as long as the horse — Whence, to do the same work in a 
day as an engine of one-horse power, 4.5 horses would 
be required--(33,000 X 3 = 99,000 : — 99,000 -5- 22,000 
^ 4.5.) The power of a man may be estimated at l-5th 
of the real power of a horse, or, 4,400 lbs. raised one 
foot per minute. 

353. The following table from Tredgold, will convey 
some idea of the power procured from steam in Watt's 
double-acting engine. 

8 2 
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Let the force of the steam in the boiler be 
The following deductions must be made. 
Force impelling the steam into the cjlinder .007 
Cooling in the cylinder • • .016 

Friction of piston, and loes • . .125 

Force impelling the steam through the pas- 
sages. .... .007 

Force to work valves^ raise injection water, 

and overcome friction of axis . ' .063 

Loss from steam cut oflF before end of 
stroke .... .100 

Force required to work the air-pump . .050 



1. 000 



.368 .368 



.632 



354. Thus, about 4-10th8 are lost from friction, 
working of the pumps, &c. The pressure in the boiler 
may generally be estimated at that of a column of 
thirty-five inches of mercury. The steam in the boiler 
is always kept a little stronger than the air — 2^ to 4 
lbs. on square inch, or, about 5 inches column of mer- 
cury. 

If this be multiplied by .632, the proportion of the 
above force which remains after making the necessary 
deductions, as per the above table, it gives 22.12 inches, 
as the force of the steam on the piston represented in 
inches of a column of mercury: i, e,, 10.83 pounds to 
the square inch. But the uncondensed vapour in 
the 'cylinder resists this force. It also must be de- 
ducted from the above. If the temperature in the 
condenser be 120^, this vapour will have a force of 
about 3.7 inches of mercury, or, 1.81 lbs. to the square 
inch ; 3-7 inches deducted from 32.12 inches, gives 
I8.i2 inches of mercury— or, 1.81 lbs. deducted from 
10.83 lbs. gives 9.02_lb8. per square incb^ as the effective 
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pressure on the piston. Calculated in circular inches^ 
as is sometimes done^ we have 7.1 lbs. to the inch. 

355. The following extract from the author above 
quoted^ will shew the method of computing the power, 
of an engine^ the above data being assumed. 

'' /2tii^.—- Multiply the mean effective pressure on 
tlie piston^ by the square of its diameter in inches^ and 
tliat product by the velocity^ in feet per minute ; the 
result will be, the effective power in pounds raised one 
foot high per minute. 

'' To find the horses' power, divide the result by 
33,000. Example. The diameter of a cylinder of a 
double eng^e being twenty-four inches, the length of 
the stroke five feet,* the number of strokes per 
minute, twenty-one and a-half, and the force of the 
steam in the boiler, thirty-five inches of mercury, or 
five inches above the pressure of the atmosphere— re- 
quired, its power. 

^' The velocity is 2 X 5 x 21 J = 215 feet per minute, 
and the mean effective pressure on the piston will be 
7.1 lbs. per circular inch ; therefore, 7.1 x 24^ (the 
sfjuare of the piston's diameter, or 576) x 215 == 
S71),264> lbs. raised one foot high per minute ; or, 

879,264 



33,000 



26.64 horses' power. The nominal power of this engine 
would be only twenty horses' power, by Boulton and 
Watt's mode of calculation ; but it wiU be found that 
the nominal and real power nearly agree, when the 
steam acts expansively." Such an engine would re- 
quire for steam, half a cubic foot of water per minute, 

* A 9iroke moanB a motion of tho piston, from tho top of tho 
cylinder to the bottom, and Look again. When the length of a 
stroke is 8|>okcn of, only half tho stroke is meant. Tlius, if the 
Icu)^ of stroke be fifo feet, the stroke will bo ten feet. 



800 



THB 8TEAM-EK0nfE« 



or^ thirty cubic feet hourly ; and, allowing 8.S8 lbs. of 
caking coal for every cubic foot of water, S46.6 lbs. of 
such coal would be consumed hourly ; or^ dividing 246.6 
by 86.64, 9.8 lbs. of coal per hour for each horse 
power. It is said by some that the fuel consumed is 
about one-half more than this — fourteen or fifteen lbs. 
per horse power hourly ; this is the more general es- 
timate. 

In an engine working expansively, the steam being 
cut off at about one-half (^^}j) of the stroke, the mean 
force would be 4.8 lbs. on circular inch. This multi- 
tiplied as above, would give 594,438 lbs. raised one foot 
per minute, or, dividing by 33,000, eighteen horses' 
power. The fuel required, would be about one-half 
{^\), 117 lbs. per hour, or, 6.5 lbs. per horse power, 
hourly, about 8.7 lbs. per horse power being saved 
every hour. 

356. In a double-acting engine, of about twenty 
horse power, the diameter of the piston is about 
twenty-four inches, its area being 458 square inches, 
or 83.6 inches, for each horse power. The effective 
pressure on the piston may be about 7.3 lbs. per square 
inch. The length of stroke will be five feet, it will 
make twenty strokes per minute, and its velocity be 
800 feet per minute. Such an engine would raise 
660,000 lbs. one foot high per minute ; and consume 
hourly 166 Iba. of coals or 8.3 lbs. per horse power. 
In smaller engines, the pressure on the piston is less, 
and the consumption of fuel greater. I n large engines, 
the reverse. In an engine of 800 horse power, the 
effective pressure on the piston may bo about 8.9 lbs. 
per square inch, and, the coal consumed hourly is, 
per horse power, only 5.5 lbs. These proportions are, 
fromalar^etableinthe "Encyclopedia Metropolitana." 

357. Mr Tredgold estimates the deductions to be 
made from the force of the steam in the boiler in high- 
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pressure engines^ at about 0.4^ the whole force being 
1.0. The effective pressure thus^ is 0.6. To find the 
power of a high-pressure engine^ multiply the excess 
of the force of the steam in the boiler over the atmo- 
spheric pressure by 0.6 ; subtract from the product 
l-lOths of the pressure of the air in pounds on a cir- 
cular inch ; multiply this product by the square of the 
diameter of the cylinder^ and this^ multiplied by the 
velocity of the piston^ gives the number of pounds 
raised one foot high per minute. 

358. By the construction of the boilers of marine 
engines^ they consume less fuel than land engines^ 
some say in the proportion of two to three. Steam- 
vessels may now be expected to run at the rate of from 
200 to 260 mUes per day (allowing for bad weather^ 
and stoppages for repairs)^ and> as at present con- 
structed^ may carry fuel for a voyage of about 3^500 
miles. It is probable that the use of Howard's vapour 
engine^ or others^ may considerably extend the dis- 
tances which steam-vessels can run without a fresh 
supply of fuel. The James Watt> plying between 
London and Edinburgh, is of the following dimensions: 
— Length of deck, 146 feet ; breadth, 25 feet, 8 inches; 
draught of water, 10 feet ; diameter of paddle wheels, 
18 feet ; breadth of paddle wheels, 9 feet; velocity of 
extremity of paddles per hour, 12 miles; paddles' depth, 
2 feet j tonnage (register), 448 tons ; nominal power, 
100 horse power; velocity per hour in still water, 10 
miles ; has two engines ; diameter of cylinders, 39 in- 
ches ; length of stroke, 42 inches ; strokes per minute, 
27^ ; diameter of air-pump, 21 inches. 

The consumpt of fuel in steamboat engines seems to 
be in general 10 or 10} lbs. of coal per hour for every 
liorso power. But the Great Western seems to have 
performed the late voyage from New York to Bristol 
with a considerably smaller consumption of fuel. Four 
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trials were made to ascertain her speed, with different 
degrees of power applied^ and the necessary consump- 
tion of coal^ which gare the following results : — 



Force of steam ia RcT«dutionfl«r Paddlei MUeg 
poundi on Square Indt per MInutei per Hour. 



3^ lbs. 
S-lOths of 3[ lbs. 
7-lOths of 3 1 lbs. 
5-10th8 of 3^ lbs. 



15J 
15 
14 
13 



12i 
ISJ 
12J 

n 



Cods 
per Hour. 

28 CWt. 
27 
26 
23 



Reducing the hundred weights to pounds, and divid- 
ing by 450, the number of horse power, this wiU give 
as the consumption for each horse power in the first 
case, seven pounds of coal hourly, with a velocity of 12| 
miles per hour ; and a pressure of the steam of 3 J lbs. 
over the atmospheric pressure. This is a very remark- 
able speedy and uncommon economy of fuel ; but, from 
the performances of the Leith and London^ and the 
Dundee and London steamers^ the latter of which run 
at an average rate of 11} miles hourly, there is every 
reason to believe that the above statement of the speed 
of the Great Western is correct, and to hope that 
steamboats may soon acquire a mean velocity of not 
less than twelve miles hourly. 

359. The following table shews the relative heating 
DOwers of the chief sorts of fuel in use for steam- 



engines :— 



Kind of Fuel 
Caking coal 
Splint coal 
Coke 
Dry pine 
Dry oak 

Dry compact peat 
Charred peat 
Culm (Glasgow) 
Culm (Welsh) 



Poundi of water oonrertad 
into flteam of iXif* (Orom 
68'} by one pound ( 

8.4 lbs. 

6.75 

7.7 

3.1 

5.13 

3.35 

4.85 

2.85 

3.56 



Founds of fUel required 
to flmn a cubic foot 
of water into iteam. 

7.45 lbs. 

9.25 

8.1 
20.02 
12.2 
18.7 
12.9 
22.0 
17.5 
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360. In estimatingthe quantity in practice^MrTred- 
gold, from whom the above table ia taken^ adds 1-lOth 
(10 per cent.) ; thus making 8.Wlb8. of caking coal 
the quantity necessary to vaporise m cubic foot of water. 
A cubic foot of water weighs 62 pounds avoirdupois. 
Equal heating power is obtained from 1 of Newcastle 
coal^ ^ii o£ Glasgow coal^ 3 of wood^ and about twice 
as much culm as coal. 



TBB END. 
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